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Get Plugged Inl 

Motor Drivers/Controllers 
Here are just a few of our controller and 
driver modules for AC, DC, unipolar/bipolar 
stepper motors and servo motors. See 
website for full details. 

NEW! Bidirectional DC Motor Controller 
Controls the speed of 
most common DC 
motors (rated up to 
32VDC/5A) in both 
the forward and re
verse direction. The 

range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 
Kit Order Code: 3166KT - £14.95 
Assembled Order Code: AS3166 - £24.95 

DC Motor Speed Controller (5A/100V) 
Control the speed of 

'I. ~ (, 
- . , 

almost any common 
DC motor rated up to 
100V/5A. Pulse width 
modulation output for 
maximum motor torque 

at all speeds. Supply: 5-15VDC. Box sup
plied. Dimensions (mm): 60Wx100Lx60H. 
Kit Order Code: 3067KT - £11.95 
Assembled Order Code: AS3067 - £19.95 

NEW! PC / Standalone Unipolar 
Stepper Motor Driver 
Drives any 5,6 or 8-Iead 
unipolar stepper motor 
rated up to 6 Amps max. 
Provides speed and direc
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tion control. Operates in stand-alone or PC
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9V DC. PCB: 80x50mm. 
Kit Order Code: 3179KT - £9.95 
Assembled Order Code: AS3179 - £16.95 
Assembled Order Code: AS3113 - £24.95 

NEW! Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper 
motor using externally sup
plied 5V levels for stepping 
and direction control. These 
usually come from software 
running on a computer. 
Supply: 8-30V DC. PCB: 75x85mm. 
Kit Order Code: 3158KT - £12.95 
Assembled Order Code: AS3158 - £26.95 

Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 

Controllers & Loggers 
Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. Suitable PSU 
for all units: Order Code PSU445 £8.95 

Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx's can 
be learnt by one Rx (kit in
cludes one Tx but more avail
able separately). 4 indicator LED's. Rx: PCB 
77x85mm, 12VDC/6mA (standby). Two and 
Ten channel versions also available. 
Kit Order Code: 3180KT - £41.95 
Assembled Order Code: AS3180 - £49.95 

Computer Temperature Data Logger 
4-channel temperature log
ger for serial port. °c or of . 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range of free software appli

cations for storing/using data. PCB just 
38x38mm. Powered by PC. Includes one 
DS1820 sensor and four header cables. 
Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £3.95 each 

NEW! DTMF Telephone Relay Switcher 
Call your phone number 
using a DTMF phone from 
anywhere in the world and 
remotely turn on/off any of ;jlllili. 
the 4 relays as desired. ~ 

User settable Security Password, Anti 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. Not BT ap
proved. 130x11 Ox30mm. Power: 12VDC. 
Kit Order Code: 3140KT - £39.95 
Assembled Order Code: AS3140 - £49.95 

Serial Isolated I/O Module 
Computer controlled 8-
channel relay board. 
SA mains rated relay 
outputs. 4 isolated 
digital inputs. Useful in 
a variety of control and 

sensing applications. Controlled via serial 
port for programming (using our new Win
dows interface, terminal emulator or batch 
files) . Includes plastic case 130x100x30mm. 
Power Supply: 12VDC/500mA 
Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS31 08 - £64.95 

Infrared RC Relay Board 
Individually control 12 on
board relays with included 
infrared remote control unit. 
Toggle or momentary. 15m+ 
range. 112x122mm. Supply: 12VDC/0.5A 
Kit Order Code: 3142KT - £41.95 
Assembled Order Code: AS3142 - £51.95 

PIC & ATMEL Programmers 
We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 
40-pin Wide ZIF socket (ZIF40W) £15.00 
18V DC Power supply (PSU010) £19.95 
Leads: Parallel (LDC136) £4.95/ Serial 
(LDC441) £4.95 / USB (LDC644) £2.95 

NEW! USB 'All-Flash' PIC Programmer 
USB PIC programmer for all 
'Flash' devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows Software. ZIF Socket 
and USB Plug A-B lead not incl. 
Kit Order Code: 3128KT - £34.95 
Assembled Order Code: AS3128 - £44.95 

Enhanced "PICALL" ISP PIC Programmer 
Will program virtually ALL 8 
to 40 pin PICs plus a range 
of ATMEL AVR, SCENIX 
SX and EEPROM 24C de

-':::~iiil!J vices. Also supports In Sys
tem Programming (ISP) for PIC and ATMEL 
AVRs. Free software. Blank chip auto detect 
for super fast bulk programming. Available in 
assembled format with ZIF socket only. 
Assembled Order Code: AS3144ZIF - £64.95 

~ : Ill! ' 1 0 1. ~ 

ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LED's display 

. -
.-: • " -J - ~~ 

the status. ZIF sockets • ~ ; ,; I,." ~ :~.~ . . 
not included. Supply: 16-18VDC. 
Kit Order Code: 3123KT - £29.95 
Assembled Order Code: AS3123 - £34.95 

NEW! USB & Serial Port PIC Programmer 
USB/Serial connection. Header 
cable for ICSP. Free Windows 
software. See website for PICs 

pported. ZIF Socket/USB Plug 
.... __ A-B lead extra. Supply: 18VDC. 

Kit Order Code: 3149CKT - £34.95 
Assembled Order Code: AS3149C - £49.95 

tNo:1\ 
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Comment 

True pictures lie in the aggregate 

T
here's been quite a debate going on recently 
instigated by a research market analyst. And 
as in any case of a "hedge dispute", this one 
has two sides too. Malcolm Penn, founder 

and CEO of industry analyst house Future Horizons 
says that today's chief executive officers of semicon
ductor firms do not have the 'guts' for the business 
compared to their equivalents of the 1970s. He calls 
the new crop of CEOs "risk-averse", lacklustre and 
good for "brewing beer or making cream crackers, 
where the business trends are easier to predict". 
During his presentation on the state of the industry -
present, past and future - Penn reminisced of 
yesteryear, when, he says, the chip business was full 
of vigorous characters with street-fighting spirit
"strong leaders", he says; when Jerry Sanderses of 
this world were captains of the industry. 

Penn went on to say that today's chip bosses 
are only interested in the bottom line and how to 
keep the company coffers full without investing in 
the future. They have become meek under the 
pressure of financial burdens and expectations of 
immediate returns. As a side effect, they are not 
investing in R&D, which typically generates products 
for future returns. 

Unsurprisingly, his provocative comments were 
matched with opposition. The defence says that 
today's semiconductor bosses are a second genera
tion of CEOs. Whilst the first generation were playing 
with their own money - as young entrepreneurs 
eager to make their mark on the world - the second 
generation are looking after somebody else's money 
instead - that of the shareholders - hence, the lack 
of 'playfulness' with it. The first generation set up 
private companies that grew into the public con
glomerates of today, and with that came the appear
ance of 'sluggishness', as CEOs are aware that no 
shareholder would be willing to invest in a firm where 
the top man is risk-prone with funds. 

This attitude is further compounded by another 
big influence on the world's financial scene - Wall 
Street. One Wall Street analyst, Philip Coburn, was 
recently quoted as saying: "It is no longer accept-

able to Wall Street for companies to make longer
term strategies designed to pay back four or five 
years in the future." Penn names this school of 
thought "the Coburn dictate" and a "recipe for death 
for silicon companies". 

The second prong in Malcolm Penn's attack on 
the semiconductor business is along the lines of lack 
of innovation. He says that, "the products today are 
not leading technology products like before". 

The opposition disagrees yet again. They say the 
technology on the micro scale of the 70s could not 
do what 90nm or, indeed, 45nm technology could do 
today. They say "That's true innovation". "When I 
was at school," says Derek Mayer of processor 
cores supplier ARC International, "my 'mini' computer 
was 0.75DMIPS and sold for $750. Today, you get a 
processor core with a performance of 800DMIPS 
and that sells for single-digit dollars. "That's innova
tion!" he says. 

What about the proliferation of wireless technolo
gies that didn't use to exist in the 70s? The opposi
tion continues. These devices enable not only 
communications but true 'from office to office' 
environment. A small computer costing hundreds of 
dollars in the 70s could not match the technical 
performance of small portable device today that 
carries gigabytes of memory and gigahertz of pro
cessing power - in a miniature packaging. 

But, some see these trends as progress rather 
than radical innovation. Progress is an inevitable 
result of product development. So, the first transistor 
was innovative, the first IC was innovative, everything 
from then on is just a development of doing what's 
already been done before. 

This dispute, as disputes go, is likely to remain in 
place: everybody is entitled to their opinion. But one 
thing remains certain: Each era has its own innova
tions, ups and downs and leading characters. As 
suggested by Meyer, the trick, then, would be to 
probably look at the "aggregate [of an era] to see the 
true picture". 

Svetlana Josifovska 
Editor 
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Technology 

Chip industry is dOing well, but not 
its captains, says analyst 
,.,.,e semiconductor industry 
I is doing well, with a project

ed growth rate of 15% for 2005 
rising to 20% in 2006, but at 
the same time, it is losing its 
competitive edge. This was the 
message from Malcolm Penn, 
founder and CEO of market 
analyst firm Future Horizons, at 
a recent industry event. 

"The world economy is 
decent, there's no near-term 
[fab capacity] overheating in 
prospect, the inventory burn 
has finished and unit demand is 
good. 03 is set to be the 
strongest quarter ever for unit 
shipments. We are approaching 
the 10 billion ICs per month 
run-rate. We've never seen 
such figures before. Fab 
capacity is tight and getting 
tighter. All these are good signs 
for the industry," said Penn. 

However, this summary was 
immediately followed by a 
scathing remark on the new 
crop of semiconductor bosses. 
"People have forgotten how to 
compete in this industry. They 
are not taking enough risks. If 
you don't take risks, the com
pany will die." 

"Today, you don't have the 
guts the strong leaders had in 
the 70s; the Jerry Sanders of 
this world. Today's CEOs don't 
have the stomach for it. This 
industry needs the street
fighting spirit," he added. 

What Penn wants to see 
instead is increased invest
ment in R&D and more radical 
innovations. "The products 
[today] are not leading tech
nology products like before. 
CEOs should put money in 
R&D. Instead, they have 
closed research centres - even 
though they are sitting on bil
lions. What a pathetic way to 

Electronic Equipment 

Semiconductors 

Capital Spending 

SEMI Equipment 

SEMI Materials 

look after your money. Laying 
R&D people off is not smart. 
You should tell them to go and 
invent something to bring 
profits in five years' time, 
instead." 

This goes in the face of a 
recently prevalent Wall Street 
dogma, which discourages 
firms from making long-terms 
strategies that might pay back 
four or five years in the future. 
Penn branded this a "recipe for 
death for silicon companies", 
who take up to two years to 
build a fab and a further year 
or so to see the first results 
from them. 

2005 Growth Average 

+4.3% +3.4% 

+8% +8% 

$ +15.0% +17% 

U +9.6% +13% 

+ 0°/. +15·/0 

+ 0% +18% 

+7% +10% 

However, the silicon industry 
disagrees with Malcolm 
Penn's comments. "Try and 
tell those engineers working 
20 hours a day that they are 
not inventive," said Derek 
Mayer, vice-president at ARC 
International, a fabless 
designer of MPU cores. "I am 
in London, my office is in 
California and I am sealing a 
deal with a sales person in 
Taiwan with my email-enabled 
handset - whilst at dinner! If 
that's not innovation, then I 
don't know what is. Nobody 
could imagine in the 70s that 
this was even possible." 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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Carbon nanotubes will soon be used 
in injections to help treat broken 
bones. When injected into the bone, 
carbon nanotubes will act as an 
artificial scaffolding to allow new 
tissue to grow around it. They are one 
of the toughest materials around; less 
likely to be rejected by the patient's 
body and easier to handle than having 
grafts, says US researchers. 

Innos and the University of 
Southampton will conduct R&D into 
dopant diffusion suppression in 
semiconductors. This work will carry 

4 

on from a pioneered new technique 
that uses optimised fluorine implants 
to completely suppress boron tran
sient enhanced diffusion in silicon and 
silicon-germanium, and significantly 
reduce boron thermal diffusion. 

Bio-Nano Sensium Technologies, a 
joint venture between Toumaz 
Technology and Advance Nanotech has 
launched its first working platform of a 
wireless health care monitoring system. 
This is an ultra low-power body implant, 
which detects ECG, blood oxygen, 
glucose, body temperature, motion and 

mobility, and wirelessly transmits any 
"problem event" data to network nodes. 

Innos has further expanded its team 
with the appointment of a Commercial 
Integration Engineer and a Process 
Engineer. They will be responsible for 
interfacing directly with clients and 
overseeing research projects comple
tions at the Innos cleanroom facility in 
Southampton. Riccardo Varrazza is 
formerly of Ericsson T elecomuni
cazioni Italy and Enrico Gili of the 
STMicroelectronics (ST) R&D facility in 
Crolles, France. 
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Technology 

Actel advises Fusion for a "true" 
mixed-signal programmability 
1\ ctel has, for the first time in 

/""\industry, combined ana
logue functionality with FPGA 
fabric , non-volatile memory 
and an MCU core in a single, 
monolithic device. With its 
Fusion technology, the firm 
promises to bring "true pro
grammability to mixed-signal 
solutions", for areas that have 
traditionally been served only 
by discrete analogue compo
nents and mixed-signal ASICs. 

Although known for anti-fuse 
technology, Actel has used its 
flash-based FPGA fabric for this 
programmable system chip 
(PSG). For the analogue func
tionality, it used high-voltage 
transistor technology, which 
helps with the noise immunity, 
so the analogue section of the 
chip can be better isolated from 
the digital section. The FPGAs 
can be connected directly to 
high-voltage input signals, with 
no need for external resistor 

Actel Fusion silicon physical view 

divider networks. This reduces 
component count and 
increases accuracy. 

The PSC offers a scaleable 
number of fixed, analogue 
peripherals that connect to the 
Fusion 'backbone', which is 

Optional MCU 
(ARM or 8051) 

implemented in the FPGA 
fabric, as are the system appli
cations' building blocks 
(applets) and the soft MCU 
core (for now, ARM? or 8051-
based). The FPGA can also be 
used to create additional 

peripherals, if wanted. 
Nevertheless, they are still 
treated equally by the system, 
regardless of whether they are 
hard-wired of soft IP. 

The Fusion 'backbone' is a 
flexible bus, which controls the 
communications between 
peripherals but also, with the 
help of an in-built IP, configures 
them based on information 
stored in the embedded flash. 

The PSC will allow designers 
to work at a very high or very 
low level of abstraction. 
Analogue block settings can 
be re-configured to perform 
different functions by down
loading data from the 
embedded flash memory. The 
initial Fusion family members 
will be general devices for 
accuracy rather than speed. 
However, the company plans 
to introduce specific, vertical 
applications devices in the 
near future. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

The government is not dOing enough on RoHS 
.,-,e Oepartment of Trade 
I and Industry (OTI) in the UK 

is failing to support the elec
tronics industry with guidelines 
on the RoHS (Restriction of the 
Use of Certain Hazardous 
Substances) compliance 
despite the directive's immi
nent start, say industry repre
sentatives. At a recent elec
tronics assembly event, 
organised by I\IPL, an R&O and 
measurement organisation 
partly funded by the OTI, 
several industry representatives 
openly voiced their concern 
and disappointment that 
there's a lack of specific RoHS 
guidelines so close to the 
directive's starting date - July 
26,2006. Whatever little 

information is available has 
been described as "nebulous". 

"Products manufactured 
now will be shipped and used 
well after the July 1 2006 date, 
when the RoHs was meant to 
start. It would be useful to get 
some guidance from the OTI 
now. We need to know how 
the compliance works. To say 
'follow reasonable steps', as 
the OTI advises, is not enough. 
The industry needs proper 
guidance and what it needs to 
do," said one industry event
participant. 

James Lingard from the OTI, 
who also attended the NPL
organised event said: "There's 
not enough awareness - we 
are doing the best we can. We 
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are also working closely with 
the EU on this." 

According to the OTI, the EU 
guidance document should 
help in the "significant 'gray 
areas'" that exist in spe
cial ised or industrial sectors, 
however, "ultimately, only the 
courts can give a definitive 
answer" and that companies 
"should consult a lawyer". 
Ligard added that the OTI is 
committed to working with 

industry on compliance . 
But, industry representatives 

were difficult to placate, at 
least during the event, stating: 
"We don't want to be your 
test-case, because you [at the 
OTI] have 'fuzzy' thinking [on 
this issue]." 

RoHS aims to reduce the 
use of hazardous substances 
during manufacture. It seeks to 
restrict lead, mercury, cad
mium, hexavalent chromium 
and certain brominated flame
retardants in electrical and 
electronics components and 
equipment. 

TIl Europe has already launched 
RoHS-compliant c hip ferrite 
beads suitable for high -power 
applications 

5 
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Technology 

Schaffner is looking for buyers for 
its test equipment and systems 
businesses. The Schaffner group 
has recenUy evaluated its strategic 
position and has decided to 
concentrate its resources on its 
already highly successful EMC 
components business to further 
enhance its market position. 
Paul Dixon, Schaffner Ltd's 
managing director said: "Seventy 
percent of our business is 
component sales and we need to 
continue to invest in new products 
and processes to maintain our 
market leading position for the 
long tenn. We have had a very 
positive response to this decision 
from our major test equipment 
customers and while we find the 
best partners for our Test Systems 
Division to join it will be business 
as usual for sales, support and 
service." 

Q 
The Ilfracombe-based power 
supply specialist Lambda has been 
bought by Japanese giant TDK for 
£134m. The agreement includes 
Lambda's entire North American 
and European operations, as well 
as Invensys's (Lambda's parent 
company) current 58.~1o share
holding in Densei Lambda KK. 
The combination of TDK's existing 
power supply business with that of 
Lambda will create the second
largest power supply manufactur
er in the wortd, with the largest 
market share in the industrial 
power sector by some consider
able distance. 

Q 
Cambridge-based Bluetooth leader 
CSR is acquiring UbiNetics's 
software business for $4&n. 
UbiNetics is also based in 
Cambridge and specialises in 
communication protocol software 
for mobile phone manufacturers. 
By acquiring UbiNetics's R&D 
expertise, CSR hopes to accelerate 
its existing software developments 
in Bluetooth, Wi-Fi and UWB (Ultra 
Wide Band). UbiNetics has been 
developing protocol stacks for 
GSM, GPRS, EDGE, WCDMA (UMTS) 
and HSOPA since 1999. CSR now 
plans to use this IP to provide 
multimode software to handset 
makers and to "bundle" 
UbiNetics's cellular multimode and 
HSDPA stacks with its existing 
wireless protocol and DSP 
software. 
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Lattice launches "crossover" 
programmable logic 

On-chip Flash Memory offers instant-on 
start-up and security from bitstream snooping 

sysCLOCK PUs 
for clock 
management 

sysMEM Embedded 
Block RAM (EBR) 
provides 9kbit true 
dual port RAM at up 
to 275M Hz 

Programmable 
Function Unit 
(PFU) with RAM 

I ••••••••• • 1 

Flash Memory 

0 11111111111111111111 

1
11111111111111111111111 
1111111111111111111111111 
111111111111111111 
1111111111111111 111111 
11111111111111111111111111 

111111111111111111111111 
11111111111111111111111111 

11111111111111111111111 
11111111111111111111111 

Flexible 
Routing 
optimized for 
speed, 
low-cost, and 
routability 

Programmable 
Function Unit 
(PFU) without 
RAM JTAG Port for configuring 

Flash and SRAM memory 
syslO Buffers support 
LVCMOS/LVTIL, LVDS and PCI 

Lattice MachXO block d iagram 

Lattice launched a new 
family of re-programmable 

devices aimed at the 
"crossover space" between 
CPLDs and low-capacity 
FPGAs. The so-called 
MachXO family offers the high 
pin-to-pin speed of CPLDs but 
with the high pin-to-Iogic ratio, 
flexibility and distributed 
memory of an FPGA. It also 
features an instant 'on' capa
bility enabled by combining 
flash and SRAM memory. 

At power-up, the configura
tion is automatically loaded to 
the SRAM (which configures 
the 4-input look-up table, or 
LUT, fabric) in under 1 ms. If 
there's re-programming to be 
done, the configuration is 
loaded to the embedded flash 
via the JTAG, whilst the logic 
continues to operate normally 
out of the SRAM. 

With these features, the 
family is aimed at control, bus 
bridging, bus interfacing and 

signal distribution functions, 
much like the CPLDs are. 
However, the LUT -based 
architecture 'borrowed' from 
the FPGAs allows more fea
tures and, yet, lower cost-per
gate logic. LUTs offer good 
performance and the 4-input 
LUTs offer better area effi
ciency. 

In addition, MachXO features 
a low standby power sleep 
mode - up to 100 times less 
standby power than in FPGAs, 
for example. "Power is critical 
in all devices. We can carry 
microamps of current," said 
Stan Kopec, vice president at 
Lattice. 

Initially, there will be four 
devices in the family, of dif
ferent sizes and 1/0 counts. 
The larger devices offer 
embedded block RAM, which 
can be configured as single 
and dual port, or FIFO 
memory. The larger devices 
also have PLL clock circuitry 

Carry Chain 

Lattice MachXO programmable 
function unit (PFU) 

and PCI and LVDS 1/0, typi
cally found in traditional 
FPGAs. 

Two of these devices - the 
MachX0256 and MachX0640 
- are available immediately. 
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Components are getting 
smaller and trickier 
~e 0201 and 01005 component sizes are the 
I tiniest around but also create the biggest 

headaches for the electronics industry. They can 
now go through the eye of a needle, but that's 
not such a good thing when it comes to their 
storage, transport, pick and place, end even 
legend markings, says Peter Grundy director of 
the electronics manufacture consultancy PG 
Engineering. 

The nominal dimensions of the 01005 resistor 
are 0.12 x 0.2 x O.4mm, whilst for a capacitor 0.2 
x 0.2 x O.4mm. "If you are a designer, there are 
characteristics that will be very important to you, 
like the power rating, the dielectric, the resistor 
tolerance and so on, but the design requires 
small [components]. The tiny devices have limita
tions - they do not have all the possible values, 
tolerances, dielectric variations etc." 

"Then there's the handling [of them]. Tiny 
capacitors in particular are difficult to handle: 
which position to put them in, how do you print 
the legend on them?" asked Grundy. 

The whole nightmare begins at the tape and 
reel end. The standard 4mm paper pitch makes 
for a very inefficient use of tape to package 
these devices in. Paper purity is also highly 
important in avoiding contamination from fibres. 
The industry is already considering 2mm pitch 
and punched paper, as embossed plastic is too 
loose to house such tiny components. 

Connecting such small components is another 
problem. "How do you define the gap between 
the pads, what size soldering ball do you place 
on them without risking bridging and how do 
you connect them?" Grundy carried on. "There 
are also the limits of the stencils. The apertures 
are so small , they get blocked with debris, dust 
particles and all sorts very quickly." Hence, the 
pad area must be bigger than wall area of stencil 
aperture at least in the 1.5:1 ratio, with a maxim 
stencil thickness of 0.1 mm for such devices. 

Debris and blocking are also a problem for the 
nozzles of the pick and place machines. During 
pick-up, the component can easily be incor
rectly fetched or it can turn in the wrong direc
tion, making placement tricky. !'Jozzles for the 
0201 and 01005 have gaps of 80llm. And, as 
luck would have it, some of these components 
would need reworking. "You can just about 
work with the 0201 s, but it's not easy - it's a 
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Passive com ponents are getting smaller and 
smaller, also difficult to rework 

significant problem," said Grundy. 
Grundy's suggestion is to consider embedded 

passives instead. "Now more than ever, it's 
important to consider embedded [components], 
especially with applications like Zig Bee, 
Bluetooth and others around. Designers should 
strongly consider using this route - it's a much 
better way than [using] standard components." 

ee------------ ------------Wr-------- ------

Technology 

The CEO of Quantum Research 
Group, Hal Philipp, has been 

granted both US and European 
patents for a technology that 

eliminates ambiguity between 
adjacent keys in touch keypads. 

The technique, known as Adjacent 
Key Suppression (AKS), uses an 

iterative technique that repeatedly 
measures a detected signal 

strength associated with each key, 
compares all the measured signal 

strengths to find a maximum 
signal change, then detennines 

from which user-selected key that 
signal change comes from. AKS 

then suppresses or ignores signals 
from all other keys as long as the 

signal from the selected key 
remains above a nominal 

threshold value. 
Q 

Imagination Technologies of 
Bristol, the UK, has launched a 

programmable shader graphics 
family for wireless applications, 

dubbed PowerVR SGX. It is claimed 
to be a highly efficient tile-based 

architecture, which fits into small 
silicon areas and delivers higher 

performance and higher image 
quality but at lower power consump

tion than competing technologies. 
PowerVR SGX uses a unified scalable 

shader engine, which combines 
vertex shader and pixel shader 

features in a single scalable 
processing unit The shader 

technology enables realism and 
advanced features when rendering 

3D objects. It also makes 
3D effects more programmable. 

Q 

Scientists at the University of 
Southampton have set up a 
network to develop a better 

understanding of how human 
memory works and how it might 
be augmented by technological 

developments. The network is 
supported by the Engineering & 

Physical Sciences Research 
Council (EPSRC) Memories for LHe 
project and includes around 30 UK 

academics from the fields of 
psychology, neuroscience, 

computer science, information 
science and sociology, who will 
come together over a two-year 
period, in the hope that cross

fertilisation of ideas across the 
disciplines can lead to a more 

effective use of human and 
computerised memory. 
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ECOC show preview 

Faster computers project will 
show demo at ECOC 

used. 

electrical PCB 

1\ joint industry and 
/'"'\university project that 
uses optoelectronics to 
improve the speed of 
desktop computers looks 
set to show its first 
working prototype at 
ECOC, the largest fibre
optic communications 
event in Europe, taking 
place in Glasgow this 
year, between 
September 25-29. 

Architecture of the system being built by the Holms project 

Each part of this system 
has been demonstrated 
separately and Siemens 
hopes to have the optical 
PCB at the centre of the 
system commercially 
available, perhaps by late 
next year. "We are 
working in stages," said 
John Snowdon, a senior 
lecturer at Heriot-Watt 

University. "By [the time] 
ECOC [starts], we hope to 
have all the bits together and 
be able to show the whole 
thing working." 

The Holms (High-speed 
Opto-eLectronic Memory 
System) project was created to 
deal with a latency problem in 
high-speed computers, 
caused by processors running 
at gigahertz speeds having to 
go off chip to access memory 
at such a slow rate that the 
processors spend a lot of the 
time doing nothing. 

Heriot-Watt University, 
Siemens and ETHZ run the 

project jointly, with help from 
Hagen University, ILFA, Thales 
and Supelec. 

The research has led the 
scientists to use different 
types of optical communica
tions. For distances up to 2m, 
traditional optical fibre is 
used. Under 1 m, the system 
uses free-space integrated 
optics, perhaps the most 
exciting part of the project. 
This is basically a slab of 
glass with tens of thousands 

of optical channels that can 
be manipulated in free space. 

It is similar to a multilayer 
PCB in that channels can pass 
along the surface or through 
the glass creating a three
dimensional mesh. 

The final section connects 
the fibre with the electronics. 
From optical to silicon, stan
dard modulator and detector 
array technology is used. From 
silicon to optical, vertical cavity 
surface emitting lasers are 

He said that freedom the 
optical PCB gave was the most 
exciting part of the project. 

"The low latency is very 
sexy," he said, "but the free
space optical section could 
enable a whole new way to 
look at computer architecture." 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Scattering improves 
analyser accuracy 
-y-he Brillouin scattering 
I effect, named after the 

scientist Leon Brillouin, is 
helping improve the accuracy 
of optical spectrum analysers. 

Usually a signal analyser is 
limited to seeing a peak in the 
signal under test between 50 
and 100pm, but to go deeper 
into the signal and see the dif
ferent spectral components 
would need a narrower filter. 
The light that is backscattered 

in the waveguide - known as 
the Brillouin effect - could help 
generate such a filter. "You can 
generate a filter in the waveg
uide with a resolution of 
0.08pm," said Juan Luis Vadillo, 
marketing manager at Aragon 
Photonics. "This filter can be 
used to split the signal under 
test into slices 1 OMHz wide." 

Aragon will be showing an 
analyser using this technology 
at ECOC. 

Conference: 25U1 - 29th September 2005 

Exhibition: 26th - 28U1 September 2005 

Scottish Exhibition Conference Centre, 
Glasgow, Scotland 

www.ecoc-exhibition.com 
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Plastic fibre breaks 
novelty image 

Atechnology once only 
thought suitable for 

Christmas trees and other 
novelty applications is set to 
make a breakthrough in the 
video surveillance market. 

Plastic optical fibres were 
once considered only useful 
for toys and gimmicks 
because of the high 
attenuation of plastic. But four 
years ago, the first break
through was made when 
Daimler-Chrysler started to 
use the technology for data 
communications in its cars. 

Now Luceat is taking this a 
stage further with a system 
that will let video images 

from any camera and to any 
monitor be transmitted 
clearly for up to 250m and, 
potentially, up to 400m. 

"Scientists never took it 
seriously because it would 
only work for short dis
tances," said Alessandro 
Nocivelli, Luceat CEO. 

"But in surveillance, the 
maximum distance is often 
less then 200m. We use 
simple LEDs rather than 
lasers. The system cost is 
less than one fourth the 
equivalent over glass fibre." 

The system is in prototype 
now and will be launched in 
time for ECOC. 

ELECTRONICS WORLD. October 2005 
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WEEE directive 
I ~~ The Waste Electrical and Electronic I 

Equipment (WEEE) Directive will 
become 'live' on 1 st January 2006 
when the government completes 
its implementation and the 
Directive is fully transposed into 
UK law. 

~~ Its purpose is to control and then 
minimise the fast growing 
electronic and electrical waste 
stream. 

~~ It will aHect all businesses that 
manufacture, brand or import 
electronic and electrical products, 
plus all businesses that sell 
electrical items and those that 
store, treat or dismantle WEEE. 

~~ WEEE covers products such as 
large and small household 
appl iances; IT and tele
communications equipment; 
consumer equipment (TV, videos, 
DVDs, Hi-Fis); lighting; electronic 
and electrical tools; toys; leisure 
and sports equipment; and 
automatic dispensers. 

~~ The Directive makes distributors 
and retailers responsible for taking 
back WEEE free of charge from 
customers. 

~~ It sets targets for the amount of 
WEEE to be collected separately 
from private households. 

~~ It requires the UK to establish and 
maintain a register of EEE 
producers. 

~~ The Directive sets recycling and 
recovery targets for WEEE. 

~~ EEE products are to be marked 
with a crossed-out wheelie bin 
symbol. 

~~ It forces all separately collected 
WEEE to be treated. 

A conference entitled 'WEEE Directive I 

- unravelling the regu/ations'will be 
held on the 12 October 2005 in the 
New Connaught Rooms in London. 
See www.letsrecycle.com. 
Letsrecyclecom is an information 
provider for the waste and recycling 
industry in the UK. 
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Insight 

The personal 
supercomputing 

revolution Colin Hunter looks at the 
history and future of powerful 
supercomputers 

S
upercomputing is fast becoming 
a household term in many 
industries, where the need for 
high-performance computing 
(H PC) - or supercomputing -

has skyrocketed in the last decade. This is 
due to a revolution in both, architectures 
and usage models, that is culminating in 
the emergence of an amazing new 
machine - the cluster workstation, also 
known as the personal supercomputer. 

Personal supercomputers represent an 
evolution that begun decades 

Clusters based on x86 (PC) technology are 
fast becoming the de facto standard for 
high-performance computing. 

By their flexible nature, clusters can 
take advantage of all new technologies 
and continue to re-invent themselves. 
Open-source software is also the rule, 
particularly the Linux operating system. 
This lowers entry, maintenance and cus
tomisation costs dramatically and repre
sents a strong departure from traditional 
supercomputing technology. 

ago in the direction of both the 
powerful and the personal. The 
move toward widespread super
computing is partly due to the 

" By their flexible nature, clusters can take 
advantage of all new technologies and 
continue to re-invent themselves " 

massive amount of data being 
continually collected and anal-
ysed and partly due to better characteri
sations of the challenges industries face. 
More importantly, advances in basic 
computer technology have brought 
tremendous computing performance 
within the financial reach of industries 
that previously would not have consid
ered the benefits of massive number
crunching capability. 

Of the top 500 supercomputers in the 
world today, more than half are now dedi
cated to industry, including the sciences, 
finance, web service, aerospace mod
elling and even entertainment and anima
tion. Just a decade ago, the vast majority 
of HPC technology was dedicated to 
research and academic pursuits. 

Clusters are groups of individual com
puters networked together in such a way 
that they behave as one large computer 
for certain tasks. Cluster workstations, and 
clusters in general, are based on open 
standards and commodity hardware. 

10 

Traditional supercomputers required a 
separate dedicated room with special 
wiring and air conditioning and, often, a 
fleet of maintenance personnel. These 
systems had to operate on a "time-share" 
usage model. Those who needed com
puting cycles had to wait in line - or com
pete with others - to get access. Time
share systems enable organisations to 
centralise resources, but they naturally 
create conflict among groups who need 
access at the same time. Current mid
range clusters (between 10 and 100 
nodes) also operate on the time-share 
usage model. 

In the early 1980s, individual high-per
formance machines began to proliferate. 
These machines were called 'worksta
tions'. By themselves they were not as 
powerful as the hulking minicomputer 
down the hall, but they could be operated 
and maintained by one person. If the 
computer crashed, it took only one 

person's work with it. Workstations 
rapidly became a standard by virtue of 
their vastly improved usage model. 

This same evolution is taking place in 
the HPC community, with computing 
resources tailored for the individual scien
tist or developer rather than a group - a 
personal approach to supercomputing. 
For example, the Orion cluster worksta
tion leverages low-power commodity x86 
components to create a twelve-node 
cluster on a single board. This provides a 
very low-power, homogeneous alterna
tive to "back-room" clusters, which are 
often made up of very different machines, 
individually powered. The 'deskside' 
workstation combines eight Orion boards 
to provide a 96-node cluster in a single 
case. The OS-96 fits unobtrusively under 
a desk, powered by a single plug in a 
standard wall socket with no special 
cooling considerations and it draws less 
power than a hairdryer. 

With this knowledge of the limitations of 
individual processors, computer science 
has embraced multiprocessing tech
nology - solving the problem with more 
hands instead of bigger ones - and 
promises to do so well into the future as 
hardware costs fall. Industry and research 
continue to present challenges that can 
be met by high-performance computing. 
The emergence of clusters and open
source software, combined with the 
demand for ease-of-use embodied in the 
workstation usage model, clearly puts 
personal supercomputing on the crest of 
the technology wave. 

Colin Hunter is the founder, president 
and CEO of Orion Multisystems, based 
in the US. 
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Focus 

CAUTION: 
lead-free reflo\N may cause damage 

Warpage, delamination and flaking are just some of the potential damages that could 
happen to your FR4 laminate during lead-free reflow 

By Keith Gurnett and Tom Adams 

other damage types, much less is known. Six types of damage 
are discussed here. A

t the turn of the century, when serious planning for Pb
free solders was just getting underway at thousands of 
companies, engineers were looking at a menu of 
dozens of possible alloys to replace conventional tin- .. Damage to coatings on the top surface of the board. 
lead (SnPb) solder. Most of the potential replacement Several coatings are used on FR4 boards - matte tin, bright tin, 

alloys required reflow temperatures higher than the reflow tem- tin over nickel, gold over nickel, palladium, palladium over nickel, 
perature of SnPb. As costs, legislation and market forces drove silver and various Organic Solderability Preservatives (OSPs). 
the replacement process, the long menu of alloys was narrowed Hot Air Solder Leveling (HASL) is another frequently used finish. 
down to a handful that perform well in most applications. These coatings perform multiple functions: they serve as a bar-

It was also thought at the time that the equally conventional FR4 rier to migration, prevent oxidation of the copper, protect the 
boards might be largely replaced by boards made from more board from mechanical damage during handling and identify 
expensive materials, such as polyimide, that would be less likely to pOints that will be soldered. 
suffer damage at the higher reflow temperatures. But as the tech- These coatings may respond to the high Pb-free reflow tem-
nologyof Pb-free processing has evolved, the vast majority of peratures by breaking, lifting or dimpling. These changes, in turn, 
applications have retained FR4 as the laminate material, in part may permit moisture to enter the board and may accelerate fur-
because of FR4's much lower cost, • • •• • •• • • • • • •• • •• • • • •• • •• • • • •• • • •• • • • • • • • • • • ••• • • • • •• ••• • ••• ther peeling. These types of 

in part because engineers have J J One of the key things that we've seen in the damage are visible in open areas 

had long and detailed experience industry is that there's not really any speCifications of the board, but may escape 
with FR4, and in part because FR4 on what lead-free means " detection if they occur underneath 
can generally pass through the mounted components. HASL will 
higher-temperature Pb-free reflow Gail Tennant, team leader, Celestica reflow for a second time during the 
without significant damage. • ••••••••••••••••••••••••••••••••••• • • •••• • •• • •• •• • •• • • • • ••• assembly reflow phase and has 

In some applications, however, FR4 does sustain damage. The the potential to break the final top coating on the board. 
type and extent of damage is not easily predicted from tempera- Although these coatings have lengthy histories in SnPb appli-
ture data, and engineers looking for thermal damage are far cations, they are now being studied anew to characterise their 
more likely to be testing components and solder joints rather behaviour in higher-temperature Pb-free environments. 
than the board itself. Overall, not enough is known about how 
FR4 behaves in the Pb-free environment. 

Gail Tennant, team leader in Regional Supplier Engineering at 
contractor electronics manufacturer Celestica in Canada repre
sents her firm in an industry consortium seeking to learn more. 
"One of the key things that we've seen in the industry is that 
there's not really any specifications on what lead-free means," 
she says. "Some suppliers think it means 245 degree tempera
ture, but some are testing to 260 degree temperature." 

One of the goals of the consortium, she adds, will be the defi
nition of tests that laminates need to pass for Pb-free usage. 
Tests will enable users to compare one laminate to another for 
use in the small process windows that Pb-free reflow dictates. 

The types of damage that can take place in an FR4 board as a 
result of thermal excursion are several. For some types of 
damage, the damage mechanism and the long-term impact of 
the damage on product reliab ility are fairly well understood; for 
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.. Delamination within the board structure. Delaminations 
or separations between the horizontal layers of the board are a 
fairly common response to exposure to higher temperatures. 
They are more likely to occur if contaminants were present 
during the manufacture of the board, or if the board has taken up 
moisture in sufficient quantities. Board delaminations can largely 
be avoided if the board is baked before assembly, but baking is 
too expensive and time-consuming for most applications. 

One of the early indications that board delaminations were 
occurring during Pb-free reflow came from acoustic microscopy. 
Acoustic microscopes are often used to image the internal struc
ture of mounted components, where heat-related delaminations 
on a somewhat smaller scale may occur. By targeting a slightly 
lower depth, engineers have been able to identify delaminations 
in the top layers of the board itself, since delaminations and 
other internal gaps - whether in a component or in a board -
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give high-amplitude acoustic reflections. Some board delarnina
tions, of course, create a bubble that can be seen optically at the 
board surface, but acoustic inspection additionally finds delami
nations hidden from optical inspection. 

"We see board delaminations fairly frequently," notes Ray 
Thomas, director of Sonoscan Applications Laboratory in the US. 
"They are basically similar to defects that occur in the interposers 
of BGAs and CSPs. It appears that the higher reflow temperatures, 
along with the moisture level in the board, have a great deal to do 
with board delaminations. The acoustic image may also reveal the 
delamination of board coatings from the top of the board." 

One of the reliability risks from board delaminations is that small 
or shallow delaminations may, at the time of manufacture, not yet 
have caused an electrical malfunction. Traces and vias within the 
board may still be intact. It is the nature of delarninations, though, 
to expand and contract with thermal cycling, and to grow larger 
over time, with the result that even a relatively innocuous board 
delamination can lead to an unanticipated electrical failure. 

... Warpage of the board. Already a farniliar phenomenon at 
conventional SnPb reflow temperatures, warpage is likely to be 
more pronounced at the higher Pb-free temperatures. The 
problem is most damaging in fine pitch technology, where the 
signal lines are carried out on thin traces and the power lines on 
much thicker traces. Fine-pitch boards are becoming more 
common and generally involve mUlti-layer circuits. 

Board design can be used to limit warpage. For example, if 
two thick trace planes are both placed on the same side of the 
board, they can cause bowing and twisting of the board because 
of the uneven distribution of coefficient of thermal expansion; the 
two planes cause the board to act somewhat like a bimetallic 
strip. Placing one trace plane on each side of the board limits 
this effect. The use of thinner glass fibres in the glass-epoxy mix 
of the laminate itself can also help to control warpage, although 
the cost of the board may be somewhat greater. 

... Growth of conductive anodic filaments (CAF). 
The growth of these filaments, which (like tin whiskers at the 
component level) cause shorts, depends on two factors: the 
quality of the bond between the glass fibres and the epoxy in the 
board, and the presence of moisture. 

In Pb-free reflow, the danger is that the higher temperatures 
may degrade the epoxy-glass bond, without necessarily causing 
other damage that is immediately apparent. In the presence of 
moisture, an electrolytic cell forms; the cell in turn promotes the 
growth of a copper filament along the interface between the 
epoxy and the fibres. 

CAF is most frequently observed in dense, multi-layer boards, 
and typically occurs where copper barrel plating meets the glass 
reinforcement fibres of the glass-epoxy laminate. Like delamina
tions within the board, CAF is typically an insidious, slow-acting 
phenomenon that has the potential to cause sudden field failures. 
It can be accelerated, though, by impurities that may be present 
during board manufacture, by pH level and by the application of 
voltage in the operational mode. CAF may also be associated with 
an earlier delamination. "If you disturb the laminate with a delami
nation, over time, you will see it grow a CAF," notes Tennant. 

Micro-hardening Board coating 
Delamination 

CAF 
Locations within an FR4 laminate where the higher reflow 
temperatures of Pb-free reflow may cause damage. 

... Damage to copper barrel plating. When the temperature 
of the laminate rises above the laminate's glass transition tem
perature (Tg), the coefficient of thermal expansion (CTE) of the 
laminate increases markedly. Fundamentally, CTE changes 
operate in all three dimensions, but because of constraints 
imposed by the woven, layered structure of the board, nearly all 
movement is in the vertical dimension. 

A hole that is plated with either electro or electroless copper is 
thus subjected to vertical stress. The problem is compounded by 
the fact that holes are somewhat difficult to plate uniformly. The 
narrow diameter of the hole restricts current flow and chemical 
reactions during plating - meaning that it is difficult to achieve a 
consistent wall thickness along the entire length of the hole, and 
that the thinnest and vyeakest part of the copper plating is likely 
to be near the centre of the board. 

If the vertical CTE stress during high-temperature Pb-free 
reflow is sufficiently great, a copper barrel may be stretched until 
it ruptures. If the rupture is permanent, the board will probably 
fail electrical tests and, therefore, be scrapped. When the board 
cools, however, the two barrel sections may re-establish elec
trical contact, so that no electrical fault can be identified by 
testing. In the field, the ruptured barrel may eventually manifest 
itself as an intermittent failure. Intermittent failures are notoriously 
difficult to diagnose and may even be labelled as software prob
lems. The actual failure cause - the ruptured barrel- is likely to 
be identified only if temperature testing is carried out, something 
that is not often done on boards. 

Very small diametre holes in boards using high density inter
connects are sometimes formed by mechanical drills. These 
drills may leave ridges; the ridges, in turn, accentuate the 
unevenness of the plating and make rupture even more likely. 
Laser drills avoid this problem because they leave no ridges. 

... Micro-hardening of the laminate. This phenomenon has 
been identified, but its impact on reliability is not yet well under
stood. At Celestica, Gail Tennant is researching the problem. 
"When the FR41aminate is heated above its Tg, as may happen 
during Pb-free reflow, the laminate is temporarily softened," she 
observes. "When it is cooled below its Tg, small areas may have 
become brittle." The consortium of which Celestica is a part is 
investigating the risks that micro-hardening may pose for han
dling and performance. 
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ZigBee is emerging as a very suitable 
standard for wireless digital data interchange 
between enlbedded computing devices, 
Dr Faiz Rahman analyses the technology 

W
ireless communications are fast displacing 
wired connections in all kinds of information 
exchange appliances. Now, it appears as if it 
is the turn of embedded computer systems to 
go wireless. 

Traditionally, computers have exchanged data with each 
other and other digital equipment over legacy interfaces such 
as the IEEE 488 parallel port, RS232C and other serial ports as 
well as the widely deployed Ethernet connections. Recently, 
other higher speed communication channels have emerged to 
satisfy demands for higher bandwidth data transfers. These 
standards, like the Universal Serial Bus (USB) and the IEEE 
1394, popularly called FireWire or i-Link (by Sony), are external 
serial buses, which are capable of several tens of megabits 
per second data transfer speeds. All of these interfaces 
require cables for connecting equipment together. For those 
occasions where external wiring would be impractical or 
inconvenient, there are now established radio frequency (RF) 
interconnection standards like Bluetooth and Wi-Fi (Wireless 
Fidelity), as well as emerging RF standards like Z-Wave, 
WiMax (Worldwide Interoperability for Microwave Access) and 
Wireless USB. 

These standards are still maturing and increasing their pene
tration in the consumer electronics domain. However, 
localised computer systems are also found in all kinds of other 
applications that have little or nothing to do with conventional 
computers. Such systems with embedded processors range 
from washing machines and microwaves to cars and industrial 
tools. Often, such equipment has its own communication 
needs. 

Whereas one day, conceivably, our microwaves and washing 
machines might need the ability to communicate with other 
electronic systems, for instance in the context of a smart 
home, some of the other systems with embedded processors 
have existing requirements for external communications. In 
fact, devices like medical electronics, surveillance systems 
and industrial shop floor tools, all require the ability to commu
nicate either with their peers or with larger computer systems. 
So far, such systems have relied on wired interfaces, running 
standard protocols for communication with other systems. 
Wiring, however, accounts for more than three-quarters of the 
cost of distributed sensor networks and thus a wireless 
system would bring great financial benefits. 

Microprocessor and microcontroller based systems have 
utilised a variety of schemes like the Serial Peripheral Interface 
(SPI), Serial Communications Interface (SCI), Inter Integrated 
Circuit (12C), CAN Bus (Controller Area Network Bus) and others 
for digital information exchange. But, just like in the personal 
computer arena, things are changing in the embedded world as 
well. There is a growing realisation that in many circumstances 
such systems can benefit greatly from an ability to communi-

The Buzz 

cate data wirelessly. Such a development would, for instance, 
obviate much of the wiring between industrial process moni
toring systems and their control computers. 

Given the recognition of this need, several companies began 
to develop their own proprietary RF communication systems, 
designed for embedded control applications. This led to a 
number of competing protocols that were quite incompatible 
with each other. In order to address the issue of platform inde
pendent communications, an industrial alliance was formed a 
few years ago to develop an industry-wide standard that could 
serve the entire market for wireless digital data interchange 
between a variety of embedded computer systems. 

This alliance, called Zig Bee after the zig and zag motion 
exhibited by honeybees during out-of-the-hive communica
tions, was initially founded by Honeywell, Invensys, Mitsubishi 
Electric, Motorola, Philips and Samsung in San Ramon, 
California, but has since been joined by more than a hundred 
and fifty other companies. Participants now include semicon
ductor companies, wireless IP providers, hardware manufac
turers and Original Equipment Manufacturers (OEMs). 

It is understood that the best approach is to develop an 
industry-wide open communications standard that makes true 
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of Zig Bee worldwide product interoperability possible. The goal of the 
alliance has been the incorporation of embedded RF functionality 
in a very wide range of communication-dependent products. 

The Zig Bee alliance has developed a standard communica
tion protocol that could be used for interprocessor RF commu
nications. This standard is based on the recently approved 
Institute of Electrical and Electronic Engineers (IEEE) wireless 
standard called 802.15.4 and also incorporates features of a 
defunct RF communication standard called HomeRF Lite. In 
terms of the Open System Interconnection (OSI) reference 
model, the original IEEE standard defined the lower level phys
ical radio while the Zig Bee modifications de-fine the upper level 
logical and application layers, as shown in Figure 1. This pro
tocol is meant for relatively low data-rate communication over 
a limited area but it could connect a very large number of 
nodes together. The technologies and architectures employed 
are geared towards very low power consumption implementa
tions so that even low-cost, non-rechargeable battery pow
ered nodes could be accommodated. In fact, battery life in 
many Zig Bee connected systems could approach the shelf life 
of the batteries used. 

Application Layer 

Security Layer 

Network Layer 

• , 

'

Media Access Layer 
IEEE 802.15.4 
Defined Layers Physical Interconnect Layer / 

Figure 1: Zig Bee protocol stack 
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ZigBea Defined 
Layers 

Designed to support a group 
The ZigBee wireless network has been designed to support as 
many as 254 distinct nodes, forming a relatively fine-grained 
wireless web. Each network, in addition, will have a master or, 
in Zig Bee terms, Full Function Device (FFD) with the authority 
to control network traffic and negotiate network-to-network 
data exchanges. The master will feature a complete set of 
communication overseeing capability, implemented as a 
complete ZigBee protocol stack. The slave nodes, also called 
Reduced Function Devices (RFDs), could be designed with 
limited ZigBee functionality and thus feature a limited stack 
but with the ability to execute peer-to-peer communications. 
This way, there could be numerous, self-contained, extremely 

Figure 2: Architecture of a ZigBee-c ompliant m icrocontroller 
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Peripherals 

Figure 3: ZigBee network 
access timing 

Slave Wakeup: 
15 milli seconds 

Slave Channel Access: 
15 milli seconds 
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low-powered and low-cost slave nodes that could be 
deployed, for example, to form a distributed sensor network 
over a limited geographical area. An FFD will require about 
32kB of memory to accommodate the ZigBee protocol stack, 
while an RFD will need around 4kB. In actual implementation, 
conventional microcontrollers will be modified by the addition 
of a separate ZigBee peripheral comprising of a 
communication engine and an RF front-end to create a 
Zig Bee-enabled microcontroller, as seen in Figure 2. 
Companies like Atmel have already come out with such 
microcontrollers. Atmel calls its chip Z-link, which is basically 
a modified microcontroller from the company's line of 8-bit 
AVR RISC processors. This device, part-numbered 
AT86ZL3201, is a combination of a RISC microcontroller core 
and a multi-band radio with a complete ZigBee stack, up to 
the security layer, as shown in Figure 1. 

Other companies are developing stand-alone ZigBee radio 
chips that could be used with existing microcontrollers to pro
vide them with RF networking capabilities. All of these ICs are 
based on the popular and cost-effective Complementary 
Metal Oxide Semiconductor (CMOS) technology. An example 
is Chipcon's CC2420 Zig Bee-compliant RF transceiver IC, 
fabricated with a 0.18~m CMOS process. Low power opera
tion, however, does mean that the range of operation of one 
ZigBee network is limited to less than 100 meters. The exact 
operating distance in any particular installation will depend on 
transmission power and environmental characteristics, and 
thus, does not form part of the Zig Bee specifications. Multiple 
ZigBee networks could be interconnected, spanning longer 
distances and supporting more than 65,000 nodes in star, 
cluster or mesh networks. The mesh networking capabilities of 
ZigBee will probably enable new applications, like ambient 
temperature control systems. Furthermore, by interconnecting 
networks over the Internet, locally wireless but globally dis
tributed systems could be realised. The standard sup
ports three data rates: 20kbps, 40kbps and 250kbps. 

At this time, ZigBee is defined for tri-band oper
ation. The unlicensed 868M Hz and 915MHz 
bands are targeted for use in Europe and 
North America respectively, while the higher 
frequency 2.4GHz band will be used world
wide for higher data-rate operations. 

All transmissions are based on a digital 
scheme called Direct Sequence Spread 
Spectrum (DSSP). The low bands are 
specified to use Binary Phase Shift Keying 
(BPSK) modulation, while the high band is 
specified to use Offset Quadrature Phase 
Shift Keying (O-QPSK). Use of DSSP scheme 
ensures that Zig Bee is relatively immune from 
external RF interference. This is a key require
ment for the acceptance of any wireless network 
in noisy industrial environments. 

Furthermore, spread spectrum technology also pro
vides data security by making it harder for intruders to 

access information covertly. The specified modulation 
schemes are proven techniques for the efficient generation of 
transmit signals and provide a low energy route to convert 
information from the raw digital format (baseband) to the RF 
domain. This makes ZigBee one of the most energy efficient 
communication technologies in the marketplace today. 

Key hallmark points 
Low power consumption and high data-security are two key 
selling points for this standard. ZigBee enabled devices could 
sleep for times ranging from seconds to hours and, therefore, 
can have very small communication duty cycles. This results in 
very small average power consumption, which is a hallmark of 
this technology. 

Being thrifty with power, repositionable Zig Bee wireless 
switches are expected to replace fixed electrical switches in 
homes in a few years' time. After the initial network forming 
activity, where devices identify themselves as communication 
nodes, Zig Bee microcontrollers in slave roles could lie dor
mant until either they have data to communicate or are 
actively queried by the system master. A typical timeline of 
activities is shown in Figure 3. As seen here, a slave device 
can wake up and be active in just 60ms. The first time slot is 
taken up in registering and configuring a slave device. Next, 
the slaves are brought out of their sleep state and, finally, a 
data exchange takes place. 

Like all other modern digital communication systems, ZigBee 
also works by exchanging data packets called frames. The four 
basic frame types are: Data, Acknowledgement, Command 
and Beacon. These, respectively, carry actual data, data recep
tion acknowledgement, commands to media access controller 
and calls to wake up sleeping nodes. The data frame can have 

a variable number of bytes up to a max
imum of 104. Apart from the raw 

data (called the payload), the 
data frame also carries frame 

control information, a 
sequence number to 

enable data tracking, 
recipient device 
address and a 
frame-check 
sequence to ensure 
packet integrity. 
The acknowledge
ment frame is a 
short data packet 
that is sent immedi-

ately after data 
reception as a receipt 

of data frame. The 
command frame is used 

to control and synchronise 
slave nodes and to configure 

their operation as part of the whole 

Figure 4: Zig6ee chipset from Freescale Semiconductor 
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network. The task of periodically waking up sleeping nodes in 
order to query them goes to the beacon frame. These carry 
address information and only the device with the matching 
address is brought to full wake-up state; all other devices go 
back to sleep after receiving the beacon frame. 

Being a packetised digital data communication technology, 
Zig Bee benefits from previous developments in the field of data 
security. The network is self-forming and immune to failures of a 
few slave nodes as data can get to its destination over multiple 
paths. The standard itself is based on an Ethernet-like Carrier 
Sense Multiple Access with Collision Avoidance (CSMA-CA) 
front-end protocol that ensures data integrity over a distributed 
network. Other provisions for security include support for 128-
bit encryption and options for guaranteed communication time 
slot for devices that must get access to a network quickly, for 
example alarm systems and medical monitoring devices. 

The Zig Bee standard 
The Zig Bee standard was ratified in December 2004 and the 
alliance, now comprising members in more than two dozen 
countries, is stronger than ever. These companies, that range 
from chip manufacturers to software developers and 

Communications 

communication system providers, periodically carry out 
interoperability testing to ensure that the protocol 
specifications are being uniformly implemented by all potential 
vendors. This is in preparation for a large scale launch of 
compatible products. 

Zig Bee enabled devices and systems have been making 
their initial commercial appearance throughout 2005. The ini
tial target markets are in building automation through Home 
Area l\Jetworking (HAI\J) but later product offerings will also 
include networked shop-floor automation systems. In a major 
development, US chip maker Freescale Semiconductor 
recently released a Zig Bee chipset and a development system 
that could be used to create prototype applications (Figure 4). 

Such design kits enable system developers to concentrate 
on the end applications rather than struggle with the imple
mentation of the embedded radio system. Other companies 
are also busy introducing their own development kits and ref
erence designs. All the signs are there that Zig Bee is slowly 
but surely permeating the world of embedded wireless appli
cations. Gradually, this standard is expected to become as 
ubiquitous as the more well-known data interchange stan
dards that are in use today. 
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RF design 

Designing wireless chips 
Designing a modem radio frequency (RF) ASIC is one of the most audacious 

chaJlErgeS in electronics design, as Jurgen Hartung from Caderce Design de2crt:BS 

R 
F IC designers face several significant 
challenges. Large RF ICs, such as wire
less transceivers, comprise a full range of 
on-chip functionalities that, in particular, 
stress functional verification solutions. 

In addition, high-speed requirements make RF cir
cuits extremely sensitive to the effects of parasitics, 
including parasitic inductance, passive component 
modelling, as well as signal integrity issues. 

Thus, the essence of the RF IC flow is the ability to 
manage, replicate and control post-layout simula
tions and effects, and to effectively use this informa
tion in a timely fashion at appropriate points through 
the design process. 

RF IC design also requires specialised and unique 
analysis techniques specific to RF design. These 
vary between frequency domain and time domain 
analysis methods, chosen on the basis of circuit 
type, designer comfort level, circuit size and design 
preference. Ultimately, this requires a seamless envi
ronment that facilitates choice in simulation method. 

Integration trends have also affected the RF IC 
world, which used to be viewed as a separate, 
almost standalone entity. 

Today, many RF ICs contain at least the ana
logue-to-digital converter (AOC), digital-to-analogue 
converter (OAC) and phase-lock loop (PLL) func
tions, as well as a digital synthesiser, which is cre
ated through the digital environment and integrated 
on-chip. In some cases, RF content is being added 
to large systems-on-chip (SoC), as design groups 
attempt a single-chip solution. 

Other design teams are integrating RF content by 
using system-in-package (SiP) techniques, which 
leads to similar verification issues as RF IC and SoC 
methodologies. These advanced issues demand an 
RF IC solution that must: 
y Optimise simulation time 
,.. Facilitate verification 
~ Enable detailed analysis at the block and chip levels 
y Manage and facilitate simulation with full parasitics 
y Enable analysis (noise, IR, EM) early and often in 

the flow 
,.. Include layout automation that can be used at 

appropriate points in the design 
,.. Enable several levels of passive modelling 

throughout the design process 
All of these requirements must be met through a 

single environment that not only facilitates the job of 
the RF IC designer, but also integrates with the 

- --- - VV'v 

other domains such as analogue/mixed-signal 
(AMS) and digital design. This environment must 
include both front-end and back-end perspectives 
at multiple abstraction levels, so that design collat
eral can be passed back and forth, facilitating verifi
cation/ implementation from either point of view, 
independent of physical integration strategies. 

The first place to start describing an RF IC flow is 
from a more global methodology perspective and 
context. The ACO methodology is shown in Figure 
1. This describes a process geared towards 
mixed-signal design, which takes design tasks and 
parallelises them, allowing for a top-level perspec
tive, for parasitic and analysis functions performed 
early and often, and which, ultimately, enables the 
design to progress with as much information as is 
available at any given point in time. 

Predictability is the driving force behind the ACO 
methodology. The need for predictability is driven 
by two primary concerns: schedule, which must be 
met from the beginning of the design process, and 
which necessitates a fast path to tapeout, and per
formance requirements, which must be met to 
achieve first-pass success and which require silicon 
accurate methodology. 

Schedule requirements: top-down 
To meet schedule requirements, RF designers 
need a fast design process that supports thorough 
simulation and physical design. The top-down 
design process, when applied to both simulation 
and physical design, is the approach that facili
tates a fast design process. The design process is 
comprised of many tasks and many of today's 
chips contain multiple blocks from multiple design 
domains. Thus, it is imperative to design in as 
many of these blocks and perform as many tasks 
as possible in parallel, using as much of the top
level IP as possible throughout the process. This 
leads to the concept of design evolution, where all 
a design's IP is util ised as it matures through the 
design process. 

Using this concept, multiple abstraction levels -
from high-level design through detailed transistor
level design - are combined to support a mixed
level approach that targets detailed design to only 
the point(s) needed for a given test. This also 
enables designers to use top-level information for 
block design and to subsequently re-verify the 
blocks in the top-level context. 
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Performance requirements: bottom-up 
To achieve the required design performance, RF 
designers need a design process that is silicon 
accurate. Silicon accuracy relies on base design 
data, such as device models that support accurate 
simulation and technology files that support phys
ical verification and analysis. 

Test chips, which are often comprised of critical 
structures that are known from past designs to be 
highly sensitive, are also used in this process to 
verify the feasibility of a process and the accuracy 
of its corresponding Process Design Kit (PDK). 

Often, a design group will need to add compo
nents to the PDK to support a particular design style. 
Device models may need to be expanded to com
bine or add corners, or to facilitate statistical mod
elling or other approaches the design team requires. 

This silicon-accurate data is driven through the 
design process through detailed transistor-level 
analysis, including layout extraction. The calibration 
of these lower-level silicon-accurate results to 
higher levels of abstraction ensures that designs will 
meet performance requirements. This comprises 
the bottom-up portion of the ACD methodology. 

Meeting in the middle 
In practice, the top-down and bottom-up processes 
work in parallel, producing a 'meet-in-the-middle' 
approach. This approach balances the need for a 
fast design process with silicon accuracy, which 
ultimately produces a predictable schedule and 
leads to first-pass silicon success. 

The ACD methodology can be applied to a com
plex integration or to a particular domain area. The 
methodology for each domain applies the meet-in
the-middle approach, combining top-down speed 
with bottom-up silicon accuracy. 

Figure 2 shows the Virtuoso RF IC flow. The top
down process starts with HDL modelling for the 
entire RF IC. This includes all RF blocks, along with 
any analogue content and/or digital blocks. The first 
step is to model behaviorally the full chip within a 
top-level testbench, which would verify some 
system tests such as error vector magnitude (EVM) 
or bit error rate (BER). 

This step initially verifies the partitioning, block 
functionality and the ideal performance characteris
tics of the IC. This behavioral setup then serves as 
the basis to facilitate mixed-level simulations, where 
blocks can be inserted at the transistor level and 
verified in a top-level context. 

This full-chip setup can serve as the regression 
template to enable continuous verification as blocks 
mature, creating a continuous evolution approach 
through the entire design process. This is very impor
tant, because any problems can be detected at the 
earliest stage possible, when time still remains to fix 
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the problem, and because blocks can be designed in 
parallel according to individual schedules. 

Next in the flow: a preliminary circuit is designed, 
enabling early circuit exploration and a first-cut look 
at how the design meets performance specifica
tions. This early exploration leads to a top-level 
floorplan, which for RF ICs is very sensitive to signal 
integrity concerns, and block-level interconnect 
design and parasitics. At this stage, it is possible to 
synthesise passive components such as spiral 
inductors to specification and to do an initial place
ment of these on the chip. 

This enables two key activities: the creation of 
early models for spiral inductors that can be used in 
simulation before the block-level layouts are com
plete, and the initial analysis of mutual inductance 
between the spirals. Component models of each 
inductor can be generated within this context for 
use in the simulations. 

Next, simulation is performed using the designer
preferred method, either by frequency or time 
domain. This choice depends on the circuit, type of 
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simulation and amount of design data to be simu
lated, and is a judgment call by the designer. A 
single process design kit and associated environ
ment enables a smooth determination and selection 
of the simulation algorithm desired. 

Results are presented through a display, appro
priate for the selected simulation type. As circuits are 
completed at block level, they are verified within the 
top-level context with behavioral stimulus and 
descriptions for the surrounding chip. Simulation 
setups are created and kept in a specification-driven 
environment, which enables effective management 
of numerous simulations and views of each block. 

The full simulation environment will comprise sev
eral views of the same circuit. These are likely to 
include a behavioral view, a pre-layout transistor
level view, several views of parasitic information (one 
view may have resistance and capacitance (RC) 
only, one view resistance, inductance and capaci
tance (RLC), one view RLC plus substrate, etc.), and 
perhaps a back annotated behavioral view. 

The specification-driven environment provides the 
means to manage all these simulations, pick the 
appropriate views of each block or sub-block and 
manage the runtime versus accuracy trade-offs for 
the simulations that are being performed. This pro
vides an effective mechanism to set up the contin
uous regressions that support the ACO methodology. 

Blocks maturity 
As blocks mature, more transistor-level information 
may be required to test RF/analogue and RF/digital 
interfaces. These tests will require the use of a 
mixed-signal simulator capable of handling ana
logue, digital and RF descriptions, and a mix of 
behavioral-level and transistor-level abstractions. 

Runtime versus accuracy trade-offs can be made 
through simulation options; the designer can send 
the transistors to a FastSpice simulator, or keep the 
transistors in a full Spice mode. This configuration is 
highly dependent on the circuit and sensitivity of the 
interfaces. The ability to manage these configurations 
effectively is important as they must be repeatable. 

Layout automation (automated routing, connec
tivity-driven layout, design-rule-driven layout and 
placement) can be used judiciously. The advantages 
to using layout automation are that it is tied to the 
schematic and Design Rule Checking (ORC) rules 
and that it enables productivity gains. Analogue
capable routers can help with differential pairs, 
shielding wires and enable manual constraints per line. 

This enables a physical design process that can 
become just as repeatable as the front-end process. 
The time and overhead, expended to set up the ini
tial tools, are made up as iterations are created 
through the design process. Engineering Change 
Orders (ECOs) are performed more effectively if a 

repeatable layout process is in place. The repeata
bility of an automated layout process is weighed 
against the requirements of highly sensitive circuitry, 
which demands a manual approach. 

As layouts are completed, ElectroMagnetic (EM) 
simulation can be used to provide highly accurate 
models for passive components. For example, sev
eral spiral inductors may be selected as highly critical 
and a target for EM simulation. These EM simulation 
models can be swapped in to replace the models 
that were created early in the design process, and 
can be mixed and matched with the existing models. 

This gives the designer full control over the spiral 
modelling process and, again, enables the ability to 
trade-off runtime versus accuracy. Net-based para
sitic extraction becomes a key element of the pro
cess as layouts emerge. 

Parasitic extraction 
RF design is highly sensitive to parasitic effects. The 
ability to manage different levels of parasitic infor
mation is paramount, as the designer can describe 
the amount of parasitic information to include for 
each area, line, or block. Less sensitive intercon
nects may require RC only, where more sensitive 
lines may require RLC. 

Lines with spirals attached can be extracted fully 
with RLC plus the associated inductor component, 
and substrate effects can be added for those lines 
that are the most sensitive. Again, those lines that 
contain a "full" extraction can be mixed and 
matched with the component models for passive 
components that were created earlier. 

Managing drawn inductors through the parasitic 
extraction process is an important aspect of a 
complete design flow and warrants special consid
eration. In fact, one can consider inductor creation 
to follow the meet-in-the-middle methodology. 
Early in the design process, these inductors are 
drawn (or synthesised) using a top-down model. As 
the design progresses and layouts mature, the 
bottom-up process enables more refinement. At 
this bottom-up stage, full paraSitic effects -
including substrate - are included for the inductor 
as well as the surrounding circuitry, using the same 
parasitic methodology as the rest of the circuit. This 
enables more accurate representation of these crit
ical components. 

Circuit designers need the ability to choose the 
method most appropriate in the up-front process: a 
quick, quasi static equation-based solver, or a 
slower, more accurate 2.5-30 EM full-wave numer
ical solver. Both can complement the design pro
cess from inductor synthesis to final check. There 
should be reasonable agreement between the 
methods for well-characterised semiconductor pro
cesses in the lower frequency regimes. 
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The full-wave EM solutions are better for complex 
shapes and higher-frequency harmonics. But all cir
cuits do not have these needs. The full parasitic 
check at the end serves as the signoff, net-based 
extraction, and models from these various solvers 
can coexist with the extracted data. Discrepancies 
may arise and understanding them is an important 
step, as a variety of situations depending on pro
cess information and setups could impact the 
models and simulation results. In this case, there is 
great value in having multiple simulation runs from 
different stages and using various techniques to 
ensure accuracy. 

Wireless design challenges 
New wireless applications are shifting to human-machine, human-goods 
and goods-machine communications. A large number of new short-range 
wireless applications have to support interactions between machines, 
reading sensors or controlling actuators at remote nodes. Example for these 
emerging wireless devices include: 
-- Control of machines and devices in the process and automation industry; 
;.;- Logistic Radio Frequency Identification (RFID), which includes 

transportation, terminals and warehouses; 
:0- Smart home appliances, remote controlled; 
-- Medical monitoring health conditions (Wireless Body Area Network or WBAN); 

Finally, as blocks are completed, the initial behav
ioral models can be back annotated for key circuit 
performance parameters, which can provide a more 
accurate HDL simulation. While this back annotation 
will not account for every effect, it can add more 
realistic performance information at a very small 
runtime cost, enabling faster high-level verification 
and, perhaps, reducing the amount of full transistor
level verification required. 

-- Environmental monitoring, such as smart dust or other ambient intelligence; 
Mobile phone designers continue to combine wireless communication 
technologies and devices in the same subscriber unit. These mobile phone 
engineers squeeze as many radios as they can into a handset. 

For further information access: 
www.cadence.com/communitylvirtuosol 

For example, GSM/PCS/PCN/EDGElGPRS already operates in multiple RF 
bands (800M Hz, 900MHz, 1.8GHz and 1.9GHz). Most handsets also support 
global positioning satellite (GPS) for location-based services, newcomer digital 
radios and at least one variety of 802.11 (WLAN) for tapping into Intemet hot
spots. In addition, they also support Personal Area Networks (PAN) as 
Bluetooth, and often include infrared as well. 

Telnef 
Quality second-user test & measurement equipment 
Tel: 02476 650 702 Fax: 02476 650 773 
Web: www.telnet.uk.(om Email: sales@telnet.uk.(om 
All equipment is used - with 30 days guarantee and 90 days in some cases. Add carriage and VAT to all goods. 
1 Stoney Court, Hotchkiss Way, Binley Industrial Estate Coventry CV3 2RL ENGLAND 

Agilent (HP) 3314A Function Generator 20 MHz £650 
Agilent (HP) 3325A and B function gen. from £550 
Agilent (HP) 435AJB, 436A, 4637B, 438A Power Meters from £100 
Agilent (HP) 3561 A Dynamic Signal Analyser £2950 
Agilent (HP) 3562A Dual Ch. Dynamic Sig. Analyser £3000 
Agilent (HP) 3582A Spectrum Analyser Dual Channel £1200 
Agilent (HP) 3585A and B Spec. An. (40MHz) from £2950 
Agilent (HP) 35660A Dynamic Sig. An £2950 
Agilent (HP) 4191 A R/F Impedance analyzer (1 GHz) £2995 
Agilent (HP) 4192A UF Impedance Analyser (13MHz) £4000 
Agilent (HP) 4193A Vector Impedance Meter £2750 
Agilent (HP) 4274A LCR Meter £1750 
Agilent (HP) 4275A LCR Meter £2750 
Agilent (HP) 4276A LCR Meter £1400 
Agilent (HP) 4278A Capacitance Meter (1 KHz /1 MHz) £2950 
Agilent (HP) 5342A Frequency Counter (18GHz) £850 
Agilent (HP) 5351 B Frequency Counter (26.5GHz) £2750 
Agilent (HP) 5352B Frequency Counter (40GHz) £4950 
Agilent (HP) 53310A Mod. Domain An (opt 1/31) £3450 
Agilent (HP) 54600A / B 100 MHz Scopes from £700 
Agilent (HP) 54810A Infinium Scope 500MHz £2995 
Agilent (HP) 8116A Function Gen. (50MHz) £1750 
Agilent (HP) 8349B (2- 20GHz) Amplifier £1950 
Agilent (HP) 8350B Mainframe sweeper (plug-ins avail) £750 
Agilent (HP) 85024A High Frequency Probe £1000 
Agilent (HP) 8594E Spec. An. (2.9GHz) opt 41,101,105,130) £3995 
Agilent (HP) 8596E Spec. An. (12.8 GHz) opt various £8000 
Agilent (HP) 8941 OA Vector Sig. An. Dc to 10MHz £7500 
Agilent (HP) 89440A Vector Signal Analyser 2M Hz - 1.8GHz £8950 
Agilent (HP) 33120A Function/Arbitrary Waveform Generator 15MHz £850 
Agilent (HP) 53131 A Frequency Counter £750 
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Agilent (HP) 53181 A Frequency Counter 
Agilent (HP) 4284A Precison LCR Meter 
Agilent (HP) 6031A Power Supply (20V - 120A) 
Agilent (HP) 6032A Power Supply (60V - 50A) 
Agilent (HP) 6671A Power Supply (8V - 200A) 
Agilent (HP) E4411A Spectrum Analyser (9kHz - 1.5GHz) 
Agilent (HP) 8924C COMA Mobile Station Test Set 
Agilent (HP) E8285C COMA Mobile Station Test Set 
Agilent (HP) 54520A 500MHz 2 Channel Oscilloscope 
Agilent (HP) 546450 1 OOIVlHz Mixed Signal Oscilloscope 
Agilent (HP) 8713B 300kHz - 3GHz Network Analyser 
Agilent (HP) 8566B 100Hz - 22GHz High Performance Spec. An . 
Agilent (HP) 8592B 9kHz - 22GHz Spectrum Analyser 
Amplifier Research 1 OW1 OOOB Power Amplifier (1 GHz) 
Anritsu ML 2438A Power Meter 
Rohde & Schwarz SMY01 9kHz - 1040 MHz Signal Generator 
Rohde & Schwarz CMD 57 Digital Radio Comms Test Set 
Rohde & Schwarz XSRM Rubidium Frequency Standard 
Rohde & Schwarz CMD 80 Digital Radio Comms Test Set 
R&S SMIQ-03B Vector Sig . Gen. (3 GHz) 
R&S SMG (0.1 - 1 GHz) Sig . Gen. 
Tektronix THS 720A 1 OOMHz 2 Channel Hand-held Oscilloscope 
W&G PFJ 8 Error & Jitter Test Set 
IFR (Marconi) 2051 10kHz-2.7GHz) Sig. Gen. 
Wayne Kerr AP 6050A Power Supply (60V - 50 A) 
Wayne Kerr AP 400-5 Power Supply (400V - 5A) 
Wayne Kerr 3260A+3265A Precision Mag. An. with Bias Unit 
Wayne Kerr 3245 Precision Ind. Analyser 
Wayne Kerr 6425 Precison Component Analyser 
Wavetek 9100 Universal Calibrator (Opts 100/250) 
Various other calibrators in stock. Call for stock / prices 

£750 
£5750 
£1250 
£2000 
£1350 
£3500 
£6000 
£6000 
£1000 
£3000 
£4500 
£7000 
£7500 
£4700 
£1400 
£1750 
£4250 
£3750 
£3500 
£7000 
£1750 
£1250 
£6500 
£5000 
£1850 
£1300 
£5500 
£1750 
£2000 
£9000 
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Figure 1: Block d iagram 
of the demonstration 
radio. IM N = input 
m atching network, ISMN 
= interstage matching 
network, OMN = output 
m atc hing network, and 
r S,L = source and load 
impedances as seen by 
the devices 

A 2,5GHz radio 
demonstration circuit 
J , S, Lee, R, Remba and M, J, Bailey from Filtronic Compound Semiconductors 
present a 2,5GHz WMAN radio demonstration circuit with a two-stage power 
amplifier c hain, a broadband low-loss SPOT switch and an ultra-low-noise 
amplifier in the receive chain 

W
ireless Metropolitan Area Networks 
(WMAN) using the IEEE 802.16/ETSI 
HyperMAN standard will soon be 
positioned for commercial deploy
ment to deliver broadband wireless 

access, spearheaded by the WiMAX Forum of 
telecommunications operators and equipment sup
pliers. Trial deployments are planned for later this 
year and industry analysts expect network deploy
ments to accelerate in 2006. 

The 802.16 standard is an adaptive protocol that 
covers applications in the 2-11 GHz frequency range 
and is meant to complement the Personal Area 
Network (PAN) standards such as Bluetooth (802.15) 
and Local Area Network (LAN) standards such as 
Wi-Fi (802.11 alb/g). The 802.16 standard supports 
fixed, portable and 'nomadic' users and is envisaged 
to provide a number of services, such as backhaul 
connection for Wi-Fi hotspots, broadband connec
tivity for industrial and educational campuses and as 
an alternative to digital cable or DSL for the 'last 
mile' broadband service to businesses and resi
dences. The standard offers non-line-of-sight service 
and can deliver up to 280Mbps service to base sta
tions, using a spectrally efficient modulation 
(3.8bit/Hz). The air interface standard combines 
high-data-rate QAM (quadrature amplitude modula-

TX 

son 

FPD1000AS 

! 
lL~~D--r 
fSI fLi 

son 

tion) with multi-tone OFDM (orthogonal frequency 
division multiplexing) and, consequently, the trans
mitter power amplifier must be very linear to avoid 
distortion due to the RF carrier's peak-to-average 
envelope variation. This presents new challenges to 
the radio design engineer. 

The radio demonstration circuit 
This 2.5GHz WMAN radio demonstration circuit is 
intended to allow potential users to explore various 
power-amplifier operating conditions, in order to 
optimise the unit for specific linearity and DC power 
requirements. Future versions of the basic circuit 
will include a number of sub-circuits to handle bias 
sequencing and switch control, as well as designs 
at higher power levels, to 20W. 

The circuit was designed, fabricated and tested 
using Filtronic Compound Semiconductors pHEMT 
process technology. A two-stage linear power 
amplifier is combined with a single-stage low noise 
amplifier and a pHEMT-based broadband packaged 
SPOT switch to validate design procedures and 
demonstrate the basic performance specifications 
for a radio transmit/receive front-end . The power 
amplifier is designed to provide a linear 28.5dBm 
output power, with less than 2.5% EVM (error 
vector magnitude) when an 802 .16 modulation is 

F_~~~~20QFN 

son _~ ANT 

GND 
fs son 
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applied. The receive path was designed to provide 
at least 13.5dBm of input intercept point (1IP3) per
formance, referenced to a standard two-tone mea
surement technique. A block diagram of the demon
stration radio is shown in Figure 1. 

Demonstration radio design 
The Filtronic model FPD1000AS packaged pHEMT 
device was selected for the transmit (TX) path driver 
stage and the FPD4000AF as the output stage, with 
the radio designed to provide at least +28.5dBm 
linear power with less than 2.5% EVM, using stan
dard 802.11/802.16 modulations. Experience has 
shown that amplifiers need to be operated 7 -8dB 
below the " linear" power level, traditionally defined 
as the output power at 1 dB gain compression 
(P1dB). For amplifiers operated in Class A mode, the 
Output 3rd-order Intercept Point (OIP3) is classically 
1 0.6dB above the P1dB power level, although 
pHEMT devices can show non-classical linearity 
behavior. Since the intermodulation distortion per
formance for cascaded amplifiers follows the rela
tionship: 

(n -I ) 

(rPrn Y-2 
; = 1 

where: IPrn= cascaded intercept point, nth-order 
(linear units) 
n = distortion product order 
IPt = intercept point of the i1h stage (linear 

units) 
g (i + 1, x) = total gain following the i1h stage Oinear units) 

For a two-stage cascade, this relationship for 3rd
order intermodulation products becomes: 

The typicallP3 performance for the driver 
(FPD1000AS) is 42dBm (15.8W), and for the output 
stage (FPD4000AF) it is 48dBm (63.1 W). The gain 
achieved by the output stage is about 1 0.5dB (11.2). 
Thus, the cascaded IP3 is approximately 46.5dBm, 
a theoretical degradation of only 1.5dB. Actual 
results were 46-50dBm across the band. This is 
12-14dB above the P1dB power level, typical non
classical behavior for pHEMT devices in a 20% 
fractional bandwidth design. 

A convenient engineering 'rule of thumb' for cas
caded amplifier design is to ensure that a driver 
stage's output IP3 is at least 6dB greater than the 
input IP3 of the driven stage. If this guideline is 
observed, there will be less than 1 dB of intercept 
point degradation of the output stage. 

Another caution needs to be observed in cases 
where the output stage does not have particularly 
good gain performance: the driving stage must then 
be selected carefully so that it does not begin to 

WMAN design 

TX RX 

compress before the driven stage, otherwise the cas
caded pair will not attain its best P1dB performance. 

The receive path (RX) intermodulation performance 
is determined principally by the low-noise amplifier 
stage, since the switch's output IP3 power level 
exceeds 38dBm. A common difficulty with other 
device technologies is that the optimum DC bias 
current levels for good noise performance is too low 
to simultaneously provide for a reasonable IP3 level. 
This is not the case with pHEMT technology, which 
offers extremely low noise figure performance while 
maintaining very good IP3 levels, thereby extending 
the dynamic range of the receiver. 

In this case, the noise figure of the FPD750DFN 
device is less than 0.8dB and the radio 's input noise 
figure is as low as 1.2dB, which includes the loss of 
the TXlAX switch. The output IP3 of the low noise 
stage is 25dBm when biased at 3.3V/60mA and, 
thus, the input IP3 of the radio 's AX path is at least 
13.5dBm. Assuming a typical receiver noise floor of 
-174dBm/Hz (Nyquist noise), the receiver's operating 
bandwidth of 500MHz (87dB) and the noise figure 
achieved in the demonstration radio, the noise floor 
is -174 + 87 + 1.2 = -86dBm. The dynamic range of 
the RX path is, therefore, nearly 100dB. 

The radio circuit board layout is shown in Figure 2. 
All three stages use a common source amplifier con
figuration and are stabilised using a shunt gate bias 
resistor and bypass capacitors. This stabilisation 
technique improves the stability factor for frequen
cies below the passband. In the first TX path stage, 
the FPD1 OOOAS pHEMT device's input is conju
gately matched for maximum gain. An inter-stage 
matching network between the first and second TX 

ANT 

Figure 2: Board layout, 
overall d imensions are 
10 .2x8 .6mm 
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Figure 3: Periormance of 
the transmit (TX) path, 
The left -hand plot shows 
small-signal gain and 
input, output return loss, 
as a function of frequen
cy in GHz, The right
hand plot shows output 
power and 3rd-order 
intermodulation product 
levels as a function of 
input power 

path stages provides the optimum r L 1 (output 
match) for the output of the first stage. The output 
match presented to the first stage is designed to 
provide an optimum power match for that stage and 
the network also provides a conjugate match for the 
input of the second stage, the FPD4000AF pHEMT 
device. This interstage network is effectively com
posed of two sub-networks to simplify the design 
process. The second stage's output matching net
work transforms a standard 50Q impedance into the 
optimum load for best power and intercept point 
performance. Both amplifier stages are operated in 
Class AB mode, with a quiescent operating current 
that is about 30% of the lOSS (maximum drain
source current). The TX path 2-stage amplifier can 
be operated from Class C (lowest current) to Class A 
(highest current, about 50% of lOSS), depending on 
the specific needs of the user. Figure 3 presents the 
performance of the TX path. 

Selected for LNA design 
The FPD750DFN pHEMT device was chosen for LNA 
design. Source degeneration is used (by adding induc
tance) to simultaneously match the device for lowest 
noise figure and maximum associated gain. The induc
tance is realised by distributed element, a shorted 
length of microstrip line. The output matching network 
provides for optimum gain to again achieve the lowest 
possible noise figure performance. While the input 
noise figure is degraded by the passive loss of the 
switch, obtaining as much gain as possible from the 
low noise stage will minimise the effect of additional 
passive losses that occur after the active stage. Figure 
4 presents the performance of the RX path. 

The circuit board is fabricated using 0.762mm 
thick substrate and mounted onto an aluminum heat 

....... 08(15(1 .1)1) -&08(1S(2,2)1) + 08(1S(2.1)1) ::- OB{IS(1.2)1) 
cascaded stage cascaded stage cascaded stage cascaded stage 

Cascaded Stage 
25 

20 

15 

10 i 
E 
..J 

sink, shown in Figure 2. The substrate is Rogers 
4003 material and the board includes both plated 
through-vias and 'filled plated through-vias for 
grounding. The circuit media is microstrip, but 
includes lumped elements as well; there is a test 
port between the first and second TX path stages. 
In the present version, each stage requires separate 
bias connections for both the gate and drain bias, 
since the depletion-mode pHEMT technology 
requires a negative gate-to-source voltage to estab
lish the proper operating current level. The user 
must manually apply control voltages for the switch. 
Additional versions are currently being designed 
that include DC-to-DC voltage conversion (to elimi
nate the need for a negative voltage supply), bias 
sequencing (to ensure the devices are biased on/off 
properly) and simplified control circuitry for the 
switch. Although the depletion-mode pHEMT 
devices require a negative gate voltage (in this dual 
bias design), the combination of excellent gain, 
superior linearity and very low noise performance 
offers the designer the opportunity to achieve supe
rior performance. Table 1 provides a summary of 
the prime performance specifications and attributes 
of the demonstration radio circuit. 

Device and Process Description 
The three active devices used in this product are 
very similar and all use the same critical gate tech
nology. The epitaxial layers for all three devices are 
grown on 150mm diameter substrates, based on a 
standard AIGaAs/lnGaAs/AIGaAs pHEMT differing 
in Hall sheet charge and Schottky layer thickness. 
All are based on a dry etch stop technology to 
achieve highly repeatable threshold voltages. In 
summary, the parts are fabricated using the fol-
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lowing process steps. Device isolation is achieved 
by either ion implant isolation or standard wet mesa 
etch. Ohmic contacts are formed with a AuGeNiAu 
system, alloyed near 400°C. The N+ recess is a dry, 
selective etch process, which helps minimise para
sitic resistances. The stepper-based optical gate 
process is a nitride-assisted T -gate structure util 
ising a dry (plasma assisted) recess etch. The RX 
path device, the FPD750QFN, utilises a 0 .25~lm 

gate length low-noise pHEMT structure (with); = 

50GHz, a frequency performance of merit), and the 
TX path devices use a 0 . 5~lm gate length power 
pHEMT structure if, = 20GHz). 

All devices are based on a TilPtJ Au system (for 
gate and first metal layer) and an electroplated Au 
for the interconnection layers. Backside processing 
consists of highly uniform thinning (±5 ~lm variation 
across the wafer) and either plated back with 
through vias (power FE1), evaporated metal (Iow
noise FET), or no metal at all (switch). All devices are 
paSSivated with layers of PECVD silicon nitride. The 
switch devices are manufactured with essentially 
the same processing steps and consist of meander
gate pHEMT devices that are optimised for low loss, 
high isolation and linearity. The switch process is 
further optimised for lowest manufacturing costs. 

Device uniformity for these process families is 
quite excellent. For example, a typical cross-wafer 
gain variation (5th to 95th percentile range) for a 
three stage 8-14GHz MMIC amplifier using the 
0.25~lm process is less than 1 dB (28dB small-signal 
gain) . This uniformity represents a substantial 
improvement for pHEMT manufacturing capability 
and allows design engineers to consider biasing 
alternatives that are significantly less expensive. 
Given the threshold voltage variation, complex 

WMAN design 

Table 1: Perfonnance of the demonstration mode 
Parameter 
Operating Bandwidth 

TX Small-Signal Gain 

TX Power at 1 dB Gain Compression 

TX Output 3rd-order Intercept Point 

RX Small-Signal Gain 

RX Input 3rd-Order Intercept Point 

RX Noise Figure 

2.3 - 2.5GHz 

2.5 - 2.8GHz 

TX-RX Isolation 

DC Power < 8.5W 

active-bias networks are normally used to ensure 
consistent device operating current. The uniformity 
achieved in Filtronic 's pHEMT family of devices vir
tually eliminates the need for such complex bias cir
cuits and simpler networks (such as dual-bias or 
self-biased) can be used instead, at considerable 
cost savings. 

Summary 
A 2.5GHz WMAN demonstration radio has been 
designed and characterised. This radio front end cir
cuit is intended to allow system designers the means 
to optimise device performance for particular require
ments and is based on straightforward circuit design 
methodology. Additional design variants are planned 
to include bias circuit upgrades, as well as higher 
output power transmit amplifier chains. The radio is 
intended to meet the demanding linearity and effi
ciency requirements of the 802.16 WMAN standard. 

Results 

2.3 -2.8GHz 

22 ± O.5dB 

35.5dBm 

38 ± 2dBm 

11 ± 1.0dB 

13.5dBm 

< 1.25dB 

< 1.75dB 

25dB 

-

-

Figure 4: Performance of 
the receive (RX) path. 
The plot left shows the 
small signal gain, noise 
figure and input, output 
return loss as a function 
of frequency in GHz. The 
other plot shows output 
power and 3rd -order 
intermodulation prod
ucts as a function of 
input power 
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Microwave 

Simple microlNave 
filters 
I By Paolo Antoniazzi and Marco Arecco 

n a professionally designed filter, ideally, only syn
thesis is required. When constructed, the proto
type achieves all the desired characteristics. In 
practice, this does not happen. Prior to the PC 
simulation era, the recourse was to build and 

modify a prototype to achieve the desired filter char
acteristics. This is still the way for building many 
non-professional filters, as in the microwave ama
teurs' field, using small copper cavities realised 
through standard "Pipe Cap" (see Figure 1 a). 

Different resonance modes can be used with a 
cavity. Most interesting for amateur radio use is the 
TMo1O mode, where the resonance frequency 
depends only on the inner diameter (D) of the cavity. 
Practically, f = 229.56/0, where 0 is in millimeters 
and f in GHz. 

In Figure 2, the E (electric) and H (magnetic) fields 
in the cylindrical cavity are shown. We can see also 
from Figure 3 that, with OIL = 1 , very high values of 
Q are theoretically possible, but this is not compat
ible with the necessity of avoiding spurious modes 
(as the TE111)' because the adjustment screw nor
mally used (see Figure 1 b) acts to the modes 
(TM010 and TE111) in a different manner. 

As an example, with L = 14mm (cylindrical cavity 
height) and 0 = 20mm, we have fTMo1o = 11.48GHz 
and fTE111 = 13.85GHz, with the spurious mode 
TE111 only still 2.37GHz away. Unfortunately, the 
highest Q of resonator cavities can't be reached 
when using small heights and, therefore, the selec
tivity of the filters is lower. One way is to use a pre
cision TMo10 machined cavity with a tuning screw 
limited to the fine tuning function. In a copper 

M4 

0.79 flon 

cavity with 0 = 21.5mm and L = 14mm the reso
nance rrM 01O) is at 1 0.67GHz with a calculated Q = 
9516. The nearest spurious mode is at 13.47GHz 

(TE111)· 
It is useful to be able to predict these frequencies, 

in order to gain insight into the spurious perfor
mance of a filter. The easiest way to predict these 
modes is to use a mode chart as shown in Figure 
4. The "Dominant Mode" of a cavity is the lower fre
quency at which it can resonate. 

To prevent the secondary modes resonance, the 
TMo1O cannot be excited in the whole OIL range 
reported in Figure 3, but only in the part of the graph 
were the ratio OIL> 1. At OIL::; 1, the dominant 
mode becomes the TE111 . Practical values of the 
OIL ratio to be used are 1.4-2.4 for TMo1O and 0.45-
0.5 for TE111 modes. 

The TEo11 is not a dominant mode so care must 
be taken to choose a coupling system that does 
not excite the other possible modes that could res
onate within the frequency tuning range of the 
cavity. Interestingly, the unloaded quality factor Qu 
is about three times greater than that of TMo10 or 
TE111 cavities. 

Another advantage of the TEo11 is that there is 
not axial current. This means that the end plate 
can be free to move without significant loss due to 
the current that flows in parallel to the circular 
caps of the cylinder. With OIL = 1.5, the diameter 
of the TEo11 cavity is about two times that of a 
TM o10 cavity. 

If more professional design is needed, waveguide 
filters are the solution. 

Figure 1a (Left): Typical 
'Pipe Cap' resonator 

Figure 1b (Middle): 
Mechanical data for a 
10GHz resonato r 

Figure 2 (Right): Electric 
and magnetic fields in 
the TM01 0 cavity 
resonator 
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Waveguide filters 
There are several types of filters that can be used to 
perform the job of separating RF and LO or image 
frequencies, but most are either difficult to construct 

r have losses that are unacceptable. From a con-
• uction point of view, the waveguide approach is 

ctive and, at 1 OGHz, these filters are relatively 
o and small. 

's a website where you can verify the 
Iter: 
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CAVITY MODES COMPARISON AT 10GHz 
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large. The real-time software is available 
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2-pole Iris bandpass filter. 

Simulation method: lIIodematching 

Number of modes: 13 => ~des : ] Fihu Dimensions The accuracy of the 

22.80 mm simulation is Waveguide width: 
dependent on the 

1m thickness: 0.50 mm number of higher 

91 Lower 1'st Iris leng(h: 0.001 mm order waveguide 
d1 Upper 1'st Iris length: 12.80 mm modes which are 

taken into account . ~ 
L1 Length of 1"st resonator: 16.20 mm 

92 Lower 2'nd iris length: 0.001 mm 
d2 Upper 2'nd iris length: 5.50 mm 

L2 Leagth of 2'nd resonator. 16.20 mm 

93 Lower J'rd Iris length: 0.001 mm 
d3 Upper J"rd Iris length.: 12.80 mm Show Drawing 

Figure 7: On-line design data for the 10 AGHz filter 
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has a -3dB bandwidth of about ±60MHz and 25dB 
attenuation at ±288MHz. 

For the filters using posts, we include only a 
simple example from De8UG. The most important 
mechanical dimensions of the filter (without waveg
uide flanges) are shown in Figure 9 and the pass
band response is in Figure 10. This filter is only a 
didactical realisation for beginners and is normally 
not suited for 1 OGHz local oscillator filtering. 

High-pass filter 
A very easy method to manufacture a high
filter lies in the use of a standard waveguide, 
defined length, in the cut-off region (see Ta 
If the involved guide has a different size th 
used one, suitable adapters are used to m 
source and load. 

The equation that describes the shape of 
waveguide attenuation, in decibels, under 
frequency is: 

where Ac is the cut-off wavelength , 
working wavelength and d is the g 
apply correctly the above formula, 
dimensions must be expressed 
units. Take note that the total 
obtained is directly proportiona 
length. 

The cut-off wavelength can 
the following that is applicabl 
guide: 

WR-90 

o 
(dB) t-_+--

-20 



where "a" is the largest dimension of the guide 
cross-section that is considered to operate with 
the TE10 mode. However, a new equation is 
applied to the circular waveguide if operating in 
TE11 dominant mode: 

AC = 3.412a 

In this case, "a" becomes the waveguide radius. 
An example is shown in Figure 11 using a WR-90 
waveguide (X-band = 8.2 to 12.5GHz). The con
sidered lengths are about one and two inches 

(2.5 and 5.0mm). 

Simple measurements 
In Figure 12 we can see the simple setup used for 
our measurements, which include a Marconi 
6058B microwave generator and 6587 RF signal 
leveller, plus a well -known HP 431 B power meter. 
Two WR90-to-coaxial adapters (HP model X281 A) 

Microwave 

only other components of the tests circuit. An HP 
waveguide attenuator - model X382A - and a 
1 OdB waveguide directional coupler model X752C 
(with 40dB directivity) was used for analysing the 
filters' inputJouput matching. All these compo
nents are available today at very low-cost on the 
surplus market. 

WAVEGUIDE CHARACTERISTICS 

Inner Dominant Ac fc Type Window mode (mm) (GHz) 
(mm) 

Rectangular r--'ax b 
WR-90 22.86 X 10.16 TE10 45.7 6.56 
WR-75 

--
1 9.05 X 9.53 TE10 38.1 7.87 

1--- ------

- -- - - -
Circular diameter 
WC-94 - - -

23.83 ~11 40.7 7.38 
WC-SO 20.24 TE11 34.5 S.69 

Frequency 
Range 
(GHz) 

8.2+12.5 
9.8+15.0 

8.5+11.6 
10.0+13.7 

and a 1 Od B - 18GHz SMA fixed attenuator are the Figure 11: Calculated response of high-pass, using WR-90 in the cut -off zone 
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Figure 12: The tests setup
Marconi 6058B MW generator, 

6587 RF signal leveller, 
a 6dB SMA attenuator 

and an HP 431 B power meter 
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oMMIC • NoW~ N 
Susan Curtis of the Insitute of Physics discusses the issues revolving around new developments 
of millimetre-wave monolithic mic rowve integrated c irc uits (MMICs) 

Frequency bands in the 
microwave part of the 
electromagnetic spec
trum. Commercial and 
military uses of 
microwave signals 
extend from a few 
g igahertz up to 100GHz 
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airborne radar 

commercial SATCOM 

A
ny maturing electrical technology is char
acterised by a trend toward smaller size, 
lighter weight, lower cost and increased 
complexity. Microwave technology is no 
exception: for the past 20 years engi

neers have been developing microwave integrated 
circuits that replace bulky and expensive waveguide 
and coaxial components with smaller, cheaper, 
planar components. 

These integrated circuits incorporate passive ele
ments such as transmission lines, resistors, capaci
tors and inductors as well as active devices such as 
diodes or transistors. The simplest approach 
exploits transmission lines to provide connections 
between discrete transistors and passive compo
nents that are wire-bonded to a substrate. However, 
the objectives of smaller size and lower cost are 
best achieved by monolithic microwave integrated 
circuits (MMICs), which combine active and passive 
components on a single semiconductor substrate. 
MMIC technology allows total microwave subsys
tems such as receiver front-ends and radar 
transmit/receive modules to be integrated onto a 
chip just a few millimetres in size. 

Gallium arsenide (GaAs) has traditionally been the 
substrate of choice, because it is suitable for real
ising both high-speed transistors and low-loss pas
sive components. Today's MMICs can operate at 
frequencies ranging from 1 GHz up to 1 OOGHz and 
beyond, with the most advanced technologies now 
able to achieve operation up to 200GHz. 

Applications for millimetre-wave MMI s 
The economies of scale enabled by IVIMIC tech
nology have been crucial for driving rapid progress 

MllSATCOM 

digital radio 
point-to-point commercial/military 

crosslinks/wireless LAN 

in the mobile communications industry. Cellular 
handsets, wireless basestations and wireless local
area networks all rely on MMICs operating at 1-2GHz 
to send, receive and amplify voice and data signals, 
and there is no doubt that the global revolution in 
wireless communications would not have been pos
sible if MMIC technology had not matured enough 
for wireless networks to become an economical 
alternative to extensive routing and laying of coaxial 
or fibre-optic cables. 

Now, however, designers and engineers are 
working to extend the operating range of MMIC 
solutions to address new applications at frequen
cies of 1 OOGHz and beyond, which correspond to 
wavelengths of a few millimetres. A new report from 
Institute of Physics Publishing, 'Commercial 
Applications for Millimetre-Wave MMICs ' 
(www.technology-tracking.com). provides an in
depth analysis of this growing trend, combining 
core content on the latest technological innovations 
with a frank assessment of the commercial drivers 
at play in this emerging market. 

The report points out that IVIMICs operating at 
these millimetre-wave (mm-wave) frequencies offer 
several major benefits over their low frequency 
counterparts. For a start, the higher operating fre
quencies enable more information to be encoded in 
the signal, which make mm-wave solutions ideal for 
high-bandwidth, high-capacity communications 
systems. High-frequency IVIMICs also work well for 
applications requiring narrow antenna beams or 
high spatial resolution in a compact size, since the 
shorter wavelengths of mm-waves enable the use 
smaller receiver and transmitter elements. 

The latest developments in circuit design have 
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enabled microwave engineers to improve the per
formance of mm-wave MMICs, while commercial 
foundry processes are now available for fabricating 
chips operating at frequencies of up to 100GHz. 
Further optimisation of circuit designs will reduce 
both the cost and size of millimetre-wave compo
nents, which is expected to drive a steady growth in 
this market. Indeed, industry figures estimate that 
the market for commercial mm-wave MMICs will 
grow from $163m in 2003 to $400m in 2007. 
According to the report, several key areas are 
already showing significant commercial activity. 

Key areas for mm wave MMI 
-- Terrestrial broadband: Transceivers for fixed
wireless broadband systems now represent the 
largest commercial market for mm-wave MMICs. 
Sales of radio frequency components for mm-wave 
radios totalled $40m in 2003 and that figure is set to 
rise as vendors introduce next generation systems 
offering higher data rates and longer transmission 
ranges. Systems operating beyond 70GHz are now 
being developed to deliver data communications at 
speeds of up to 10GbitJs. 

Satellite communications: Two-way satellite 
communication at 12-18GHz already represents a 
significant commercial market for microwave 
MMICs, while next-generation systems operating at 
26-40GHz will be deployed over the next two years. 
Unit shipments of mm-wave MMICs for this applica
tion are expected to exceed 500,000 in 2005 and 
could reach 1.5m in 2006 and beyond. 
-- Automotive applications: Automotive radar at 
76-77GHz is widely anticipated to be the next big 
application for mm-wave MMICs. Radar-based sys-
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tems providing adaptive cruise control have already 
been fitted to lUXUry cars, while falling component 
costs look set to open up the mid-price car market. 
Automotive-radar applications could account for 
4.5m mm-wave MMICs by 2007, while total mm
wave MMIC usage in this market could approach 
100m per year by 2010. 

Military systems: Defence applications kick
started the development of MMIC technology and 
the growing need for sophisticated electronic and 
communications systems on the battlefield is driving 
demand for high-performance MMICs operating at 
high frequencies. The largest market lies in airborne 
electronic warfare equipment, but mm-wave MMICs 
are also being deployed in phased-array radar sys
tems and could be used to equip soldiers with 
advanced communications and electronic warfare 
systems. 

There is no doubt that mm-wave MMICs offer 
serious potential in the commercial market -place, 
but the report's authors contend that the big chal
lenge for MMIC suppliers is to deliver packaged and 
tested parts that meet the performance, cost and 
size criteria demanded by commercial end-users. 

These challenges are already being addressed at 
the chip level by the major developers and manu
facturers of mm-wave MMICs, including TriQuint 
and Northrup Grumman in the US and United 
Monolithic Semiconductor in France. As a result, it 
is now generally agreed that the latest generation of 
MMIC manufacturing processes can deliver the gain 
and bandwidth performance required for applica
tions at frequencies of up to 100GHz. 

3-D/multilayer 
interconnection 

process (NEL 3-D) 

Commercial foundry 
device process 
(UMS PH15) 

A MIVIIC receiver 
integrates active and 
passive devices on a 
Single substrate 
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left: M ultilayer MMICs 
exploit multiple layers 
and dielectric and gold 
metallisation to form 
passive component 
planes above the 
surface of the chip. 

Right: The next few 
years will see rapid 
growth in the use of SiC 
wafers as a substrate 
for electronic devices 
based on SiC and GaN 
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At the same time, intense R&D activity is continuing 
to improve the performance of MMIC technologies, in 
particular to deliver more power and better low-noise 
characteristics over a wider frequency range. Much 
of the innovation stems from conventional compound 
semiconductors, with new device architectures 
based on GaAs and InP now emerging to provide 
better power performance at mm-wave frequencies. 

New technologies include GaAs-based metamorphic 
HEMTs (mHEMTs), which are rapidly emerging as 
easy-to-manufacture devices that match the high
frequency performance of InP HEMTs. MHEMTs 
exploit a special buffer layer that shifts the lattice 
constant by up to 5%, allowing InP HEMT structures 
with high indium content - originally developed to 
extend the high-frequency performance of HEMT 
devices - to be grown on GaAs substrates. 

According to the report, rnHEMT wafers with high 
quality and good surface morphology have been 
demonstrated using buffer layers made from both 
InAIGaAs and AIGaAsSb. Foundry services are now 
available for 0.15!J,m mHEMT low-noise processes 
on four-inch wafers and 0.15/lrTi power processes 
on six-inch wafers, while the first mHEMT MMIC 
products are also appearing on the market. The first 
application of the technology is likely to be in low
noise amplifiers, although mHEMT technology has 
also been investigated for high-efficiency power 
amplifiers operating above 20GHz. 

Interest is also growing in the use of InP HBTs for 
high-performance applications, since these devices 
deliver unparalleled current densities at frequencies 
of a few hundred gigahertz. Researchers at the 
University of Illinois in the US have reported the 
fastest InP HBT to date, with a cut-off frequency of 
509GHz and Fmax of 219GHz. 

Thanks to funding from the Defense Advanced 
Research Projects Agency (DARPA) in the US, InP 
HBT foundry services are now available from 
Vitesse Semiconductor. However, InP remains an 
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expensive material system that requires specialist 
fabrication techniques and challenges remain in 
scaling the device dimensions further, reducing the 
power consumption and enabling greater integra
tion . As a result, InP HBTs are likely to be reserved 
for applications that require their superior power 
performance, such as military radar and communi
cations systems. 

At the same time, other materials systems are 
starting to challenge the dominance of traditional 
compound semiconductors for mm-wave applica
tions. For example, Silicon-germanium (SiGe) tech
nology, which exploits the same manufacturing pro
cesses as silicon-based CMOS, is rapidly emerging 
as a low-cost alternative to InP devices for low
power applications requiring operating frequencies 
of up to 1 OOG Hz. 

Today, SiGe HBTs can be found in telecommunica
tions equipment, ranging from wireless handsets and 
basestations, through to wireless LAN chipsets and 
transceivers for optical communications at 10-40GbiVs. 
The latest foundry service offered by IBM exploits 
0.18!J,m feature sizes to achieve operating frequencies 
from 40 to 1 OOGHz, while work is continuing on devel
oping manufacturing processes for SiGe HBTs oper
ating at up to 200GHz. One key advantage of this 
technology is that it allows analogue, digital and RF 
functionalities to be integrated into a single chip using 
existing CMOS fabrication plants. 

Potential applications for SiGe HBTs range from 
high-speed communications systems at 60GHz and 
beyond to automotive radar systems at 77GHz. 
Both of these commercial applications require low
cost RF components and SiGe is likely to offer the 
required performance at a lower cost than com
pound-semiconductor solutions. The major limita
tion of current SiGe HBTs is that their breakdown 
voltage is limited to about 3.6V, which means that 
they cannot be used for applications requiring high 
power inputs. 
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Peacetime uses for V2 
V2 for Ionospere Research? 

O
NE of the most important branches of radio 
physics is ionospheric research and until now all 
our knowledge of conditions in the ionosphere 

has been deduced from transmission and echo experi
ments. One of the more modest claims of the British 
Interplanetary Society was that rockets could be used 
for very high altitude investigations and it will not have 
escaped your readers' notice that the German long
range rocket projectile known as V2 passes through the 
E layer on its way from the Continent. If it were fired 
vertically without westward deviation it could reach 
the Fl and probably the F2layer. The implications of 
this are obvious: we can now send instruments of all 
kinds into the ionosphere and by transmitting their 
readings back to ground stations obtain information 
which could not possibly be learned in any other 
way. Since the weight of instruments would only be a 
few pounds--as compared with V2's payload of 2,000 
pounds--the rocket required would be quite a small 
one. Its probable take-off weight would be one or 
two tons, most of this being relatively cheap alcohol 
and liquid oxygen. A parachute device (besides 
being appreciated by the public!) would enable the 
rocket to be re-used. 

This is an immediate post-war research project, 
but an even more interesting one lies a little farther 
ahead. A rocket which can reach a speed of 
8 kmj sec parallel to the earth's surface would con

tinue to circle it for ever in a closed orbit; it would 
become an JJ artificial satellite." V2 can only reach a third of this speed under the most 

favourable conditions, but if its payload consisted of a small one-ton rocket, this upper component could 
reach the required velocity with a payload of about 100 pounds. It would thus be possible to have a hun
dredweight. of instruments circling the earth perpetually outside the limits of the atmosphere and broad
casting information as long as the batteries lasted. Since the rocket would be in brilliant sunlight for half 
the time, the operating period might be indefinitely prolonged by the use of thermocouples and photo
electric elements. 

Both of these developments demand nothing new in the way of technical resources; the first and proba
bly the second should come within the next five or ten years. However, I would like to close by mentioning 
a possibility of the more remote future - perhaps half a century ahead. 

An JJ artificial satellite" at the correct distance from the earth would make one revolution every 24 hours; 
i.e., it would remain stationary above the same spot and would be within optical range of nearly half the 
earth's surface. Three repeater stations, 120 degrees apart in the correct orbit, could give television and 
microwave coverage to the entire planet. I'm afraid this isn't going to be of the slightest use to our post
war planners, but I think it is the ultimate solution to the problem. 

ARTHUR C. CLARKE 

British Interplanetary Society. 
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Evolution of global communications: 

The post A.C. Clarke era 
Professor Barry G Evans looks back, sixty years hence, to 
examine the realisation of Arthur C. Clarke's predictions in 
terms of global communications and the role that satellite 
communications has played therein. 

By Sarry Evans 

The visionary Wireless World article by Arthur C. Clarke of 
sixty years ago is justly credited as the origin of satellite 

commtmications and specifically of the geostationary earth 
orbit. Three satellites appropriately placed in the equatorial 
plane orbit, at 36,000km altitude could, as Clarke suggested, via 
terrestrial relay provide global commtmications. 

In 1945, at the time of the paper, global communications only 
existed in terms of broadcast short-wave radio and via HF com
mtmication hops in the 3-30MHz region. The latter relied on 
total internal reflection within the ionospheric layers for radio 
waves with angles of incidence greater than some critical angle. 
This was termed" sky-wave communication" and was the only 
means of transoceanic communications at that time. It was very 
unreliable, being dependent on the forecasting of the state of the 
ionosphere, which varied both on a daily and on a longer term, 
sun-spot period, basis. Bandwidths were small in today's terms 
and only allowed for a few voice channels to be transmitted. 

In the early 1940s the demands of world warfare had provided 
radar systems using low microwave frequencies in the 
1-3GHz range and consequent components that would enable 
point-to-point microwave relays covering lOs of km for commu
nications. At about the same time, the first broadcast systems in 
the VHF/UHF (100s MHz) spectrum were being implemented 
for the distribution of television, which had been invented in the 
war years and was now being exploited. These lower (than 
microwave) frequencies were used as the attenuation was less, 
resulting in larger broadcast area coverage, and simple wire 
antennas and receivers enabling cheaper domestic terminals. It 
is interesting to note that it was very much in this context, of TV 
broadcasting, that Arthur Clarke wrote his paper. The broader
band television signals (5-6MHz) could not be delivered via HF 
communication systems and he considered that a network of 
terrestrial broadcast transmitters fed by microwave relays would 
not be economic or extendable globally. 

His answer was to suggest use of another WW2 technology -
intercontinental rockets. He foresaw that such rockets, given 
adequate propulsion, could escape the earth's gravity and 
become a low orbiting satellite relay (what we now call a LEO 
satellite). His extension to higher altitudes produced the GEO 
satellite and the global coverage concepts. He also predicted the 
use of solar cells to provide the power for such satellites; batter
ies to overcome eclipse periods, altitude control and large 
reflector antennas for spot beam coverage - all of which are in 
use today. We note that this was all to provide efficient broad
cast and communications coverage which was more power effi
cient and environmentally friendly - nothing much has 
changed. 

Global communications 
Communications over land evolved using multi-pair cables and 

analogue techniques (fdm) driven by user demands for telepho
ny in the 1940/50s. Lower loss coaxial cables were introduced 
in the 1950s and these, together with microwave radio relay 
links, provided the major long distance connections. Despite 
Clarke's suggestions, broadcast of AM and then FM radio as 
well as television, also developed using a network of broadcast 
transmitters fed by the radio relays. Between various land 
points, HF was still being used alongside submarine cables, 
which originated in the 1920s for telegraphy using cable pairs 
but were again replaced by coaxial cables in the 1940/50s as 
cable design improved. The first major transatlantic cable 
(TAT1) was introduced in 1956 using coaxial cables and ana
logue fdm transmission, with a capacity of just 36.4kHz tele
phone channels, followed by many other submarine cables. 

Satellites came of age in the 1960s, when rocketry had devel
oped to enable launches into the earth orbit. Major studies were 
introduced in the early 60s into which orbits to use, and Intelsat 
(the first International Satellite Consortium) settled upon the 
GEO (Clarke orbit), with the first launch in 1964. It was in 1968 
when three such satellites were placed over the major oceans 
and Clarke's prediction became a reality after 23 years. 
However, the use was for point-to-point connections between 
large (30m diameter) earth stations connected into the national 
telecommunication networks. From this time on, there was a 
choice between satellite and submarine cable for connections of 
land and HF commtmications was on the wane. 

Two other important developments took place in the 1960s. 
The first was the implementation of PCM (pulse code modula
tion), which heralded a change from analogue to more efficient 
digital communications, and the second was the development 
of optical fibre commtmication systems, which provided much 
lower loss and greater bandwidth then cables. Thus, in the 
70s/80s telecommunication networks gradually changed from 
analogue to digital (including the switching systems) and opti
cal fibre replaced cables and radio-relay in all but the extreme 
geographical areas where still some radio exists today. 

The first submarine digital optical transatlantic cable (TAT8) 
was introduced in 1988 with a capacity of 8000, 64kbps tele
phone channels and saw the gradual demise of point-to-point 
satellite communications. Although developments of higher 
power satellites with multiple spot beams (predicted by Clarke) 
in GEO kept pace with submarine cables for a time, the much 
greater bandwidth and widespread deployment of submarine 
cables would always provide a lower cost per bit than by satel
lite. Satellites did enable developing countries to establish 
national and international telecommunication systems much 
earlier than would otherwise have been the case and, thus, 
played an important role in their economic development. 

Within telecommunication systems, satellites will always find 
a role in diversification of routing and as back-up for cases 
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Figure 1: Move from single seroice to IP-based multi-seroices 

when submarine cables are out of service for long repair peri
ods. Perhaps the 1960-80s were the heyday of point-to point 
satellite conununications. Thus, today our modem fixed 
teleconununications systems are all digital, dominated by opti
cal fibre transmission with satellites playing mostly a sub
sidiary role. 

Broadcast and mobiles - a role for satellites? 
In Clarke's original paper, the driver for satellites was broadcast 
services. It wasn't until the 1977 World Administrative Radio 
Conference (WARC 77) plan that allocated orbit slots and fixed 
frequency channels to each country that broadcast satellites 
were seen as an economic possibility for television broadcast. 
The plan was linked to a move from analogue television 
towards digital but the full digital compression technology was 
not available and a half way standard called MAC (multiplexed 
analogue components) evolved. The MAC standard and 
WARC77 plan was never really implemented to any great 
extent, due to delays in VLSI chip production, and satellite tele
vision only went ahead in the early 80s using higher power 
fixed satellites in Ku-band (around 12GHz) to 60cm domestic 
dishes, still using analogue techniques and frequency modula
tion. In Europe, Sky television was the driver operating satel
lites out of Luxembourg, in a mode reminiscent of the earlier 
Luxembourg commercial radio station. 

Around this time, there was considerable momentum for a 
UK television coverage satellite - Unisat, to operate within this 
plan, but it never materialised and, thus, an opportunity to 
realise one of Clarke's predictions vanished. 

The next major step carne in the late 90s with the introduction 
of full digital compression and transmission standards 
(MPEG2/DVB-S) and satellites, capitalised on their customer 
market to secure 80% of digital television distribution via satel
lite in Europe, outpacing cable rivals. Radio broadcast via satel
lite did not really emerge until the early 2000s with Digital 
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Audio Broadcast (DAB) standards and Digital Audio Radio 
Service (DARS) in the US. Today, Worldspace operates GEO 
satellites covering Asia, the Caribbean and the Americas and 
two new conunercial ventures XM Radio and Sirius Satellite 
Radio, operating GEO and highly elliptic orbit satellites (HEO) 
respectively, have achieved success with US coverage for vehi
cles. These latter systems augment direct satellite coverage with 
terrestrial repeaters (gap-fillers) in urban areas in an integrated 
delivery mechanism. 

This review would not be complete without mention of 
mobile conununications, which didn't feature at all in Clarke's 
original paper. Indeed, extrapolating from his concerns regard
ing a network of broadcast transmitters it would not appear 
that he would have supported the idea of a larger network of 
base stations and terrestrial cells. On the other hand, he might 
have seen this as an opportunity for satellites. Interestingly, 
mobile satellites developed at the same time as terrestrial 
mobiles via the Inmarsat system, but have only been successful 

Figure 2: Layered networks 

PANN...,.,liAN 0 0 
o 

00 

00 
o 

00 

00 
o 

00 
XOSl. WMox \IInMd or no 1IdI1ty) 



.... .... 
, ~ , , 

".t~~ Satellite Diversity 
" / .... 

" " / 
Inter HAPS ' ... ~' 

.... .... 
.... .... Link / ---------- --'---

Figure 3: Possible integrated system architecture 

/ 
/ 

/ 

~ ......... /
/ 

/ 

in the niche areas of maritime and aeronautical, where terrestri
al cannot compete. In the late 90s and early 2000s, when satel
lites tried to compete head-on with terrestrial mobile, via the 
use of satellite constellations - Iridium and Globalstar systems 
of LEO satellites (48-66), they failed economically to do so. 

The future 
Today's services are dominated by packet (IP) mode and 
Internet services, with delivery mechanisms that are becoming 
more radio based. As shown in Figure 1, today's vertical, 
service-orientated networks will evolve into tomorrow's hori
zontal, Internet multi-service based architecture. The latter has 
an all IP core network with a variety of access networks, which 
will mostly be radio based. Figure 2 demonstrates how such a 
scenario may be depicted in terms of a layer struchrre and indi
cates where satellites can play an important role at the top 
broadcast, wide cell coverage, providing mobility. To preserve 
quality of service whilst allowing seamless movement between 
networks, integration between satellite-cellular, Wi-Fi, personal 
area networks (PAN) and Wi Max fixed radio will be necessary. 
The advantage of satellites has, and will always be, their wide 
area coverage. However, their power and spectrum efficiency 
has been shown to be inferior to terrestrial systems, despite 
Clarke's predictions - in fact, between 50-100 times improve
ment would be required for comparability with terrestrial. The 
fuhrre for satellites thus lies in integration with terrestrial and 
not with competition. 

A possible scenario is shown in Figure 3. This depicts an all 
IP network with end-to-end connections and guaranteed quali
ty of service. There is complete integration between terrestrial 
fixed, cellular and hot-spot connections with dynamic ad-hoc 
routing between networks. The interconnected satellite layer 
provides the wide coverage larger cells and the mobility man
agement between the various networks. A subsidiary layer of 
intermediate sized cells is provided by high altitude platforms 
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(HAPS), located at around 20-25krn in the stratosphere to deal 
more efficiently with hot spot areas and relieve the demands on 
terrestrial infrastructure, as well as collection for lower power 
sensor networks and broadcasting to urban areas. All networks 
are vertically and horizontally connected as indicated in 
Figure 2, and seamless and secure hand over between them is 
provided. This is a possible vision of the fuhrre circa 2020. 

Conclusions 
It would appear that for broadcast television and, to a lesser 
extent, radio that satellites have succeeded but in mobile com
munications they have only done so in niche areas of sea and 
air coverage. Satellites still feahrre in global core networks on a 
point-to-point or multicast basis but, mainly, in a supporting 
role to terrestrial delivery. As mobility demands and multime
dia services increase, the concept of integration between satel
lite and terrestrial delivery will become more attractive but to 
be realised will need a culture change on behalf of operators. 

In the longer term, satellites will continue to playa role in 
global communications but it may only become significant with 
the realisation of smaller more efficient, cheaper satellites and 
launchers. 

Professor Barry G Evans is from the Centre for Communication 
Systems Research at the University of Surrey. 
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Geostationary 
weather satellites 
Satellites have evolved to offer almost continuous surveillance of the entire planet. 

GOES-N - first in a new US series 

Satellite observations have revolutionised weather forecast
ing. In the UK, for example, satellite data now provides 

about 70% of the information used in the core weather fore
casts while incurring only 50% of the data collection costs. On 
a global scale, satellite data provides the only source of infor
mation for most of the southern hemisphere and for remote 
areas of the northern hemisphere. The European Centre for 
Medium Range Weather Forecasting (ECMWF) has reported a 
steady improvement in its forecasts for both hemispheres, but 
satellite data has radically improved the southern hemisphere 
forecast to the point where it now matches that of the north
ern hemisphere. 

Thanks to satellites, instead of discrete observations scat
tered over the surface of the earth, mainly in the more popu
lated areas and major trade routes, scientists now benefit from 
almost continuous surveillance of the entire planet. Where 
three or four weather ships covered the entire North Atlantic 
and Pacific Oceans, launching instrumented balloons twice 
each day, meteorologists can now receive atmospheric meas
urements at intervals of 50km or so over the entire globe. 
Instead of having to infer the shape and movement of weather 
systems from a few widely scattered observations, they can 
now enjoy a bird's eye view of the planet and see the move
ment and evolution of storm systems in animated sequences 
on a computer screen. This revolution is accomplished by two 
classes of meteorological satellites, which have many applica
tions beyond pure meteorology. 

The first images were in monochrome - shades of grey like 
a black-and-white photograph - obtained using daylight as 
the source of illumination. Such imagery is still useful but has 
been supplemented by a range of other developments. 
Infrared (IR) imagery ensures data continuity even through 
the hours of darkness. This is based on the thermal emissions 
of the clouds and can be used to derive the temperature and, 
therefore, the height of the cloud tops. IR and visible light 
images may be combined in a multi-spectral image. Areas that 
are simultaneously bright in the visible part of the spectrum 
and cold in the IR are deep cold rain clouds. They can be 
colour-coded to indicate the likely intensity of precipitation. 

Other spectral channels may be added to the multi-spectral 
toolbox . Water vapour images show where clouds may devel
op and, as dry air is indicative of descending motion, provide 
information about the local dynamics of the atmosphere. 
Images from the spectral region in the near-IR, where visible 
light and the IR overlap, may be used for specific purposes 

By Pat Norris 

such as the identification of fog or forest fires, or used in vari
ous combinations with other imagery. 

Further insights can be gained from viewing animated 
sequences of images from geostationary meteorological satel
lites. The powerful personal computer systems now widely 
available at reasonable cost are more than adequate to display 
movie-like animations of the evolving weather patterns over 
periods of hours, days, weeks or longer. This gives fresh insight 
into the dynamics of the atmosphere, including the develop
ment of weather systems and the general planetary circulation. 

Geostationary versus polar orbiting 
From their fixed vantage point, geostationary meteorological 
satellites can generate frequent images, typically every 15 or 30 
minutes, of the full earth disc, or more frequent images of 
smaller areas. Images are useful over an area extending up to 
70° north and south of the equator, and out to 70° east and west 
from the sub-satellite point. Image quality is reduced at the 
greatest distances because of the curvature of the earth, but 
useful quantitative products can be extracted from the images 
at distances of at least 55° great-circle-arc from the sub-satellite 
points. Sequences of images allow cloud movements to be 
tracked, providing information on winds at various altitudes. 
These satellites are the key source for timely information on 
rapid weather development, and the monitoring of tropical 
storms and large mid-latitude weather systems. 

The polar orbiting satellites do not appear stationary from 
the ground. In contrast, their orbits are inclined at about 80° to 
the plane of the equator and they circle the planet about 14 
times each day at an altitude of about 850km. The plane of the 
orbit remains almost constant, so that as the earth spins on its 
axis the tracks of successive orbits are displaced further to the 
west. In any period of 24 hours each satellite can view the 
entire planet, once during daylight and once at night. For 
most polar meteorological satellites the orbits are chosen to be 
sun-synchronised, which means that the plane of the orbit 
keeps a constant angle with the sun throughout the year, thus 
ensuring that the satellite passes over a given location at the 
same local (sun) time each day. 

The geostationary satellites carry a narrower variety of 
instrumentation than the polar satellites and can observe the 
planet in less detail, but much more frequently. These comple
mentary characteristics ensure that a constellation of five geo
stationary satellites and two or three polar systems fulfil basic 
operational requirements. 
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Japan's MTSAT-IR new generation satellite 

First geostationary weather satellites 
Although the first two geosynchronous satellites (Syncom-2 
and Early Bird) carried exclusively telecommunications pay
loads, the third, ATS-1, launched on 7 December 1966 also car
ried a meteorological payload. Following further successful 
tests on ATS-3, the first prototype operational geosynchronous 
weather satellite, SMS-1, was launched on 17 May 1974 and the 
first operational satellite, GOES-I, on 16 October 1975. Europe 
and Japan added further satellites in 1977 - Meteosat-1 and 
Himawari (GMS-1), respectively - and the global network of 
such satellites was augmented by India's Insat-1A in 1982, 
Russia's GOMS (Elektro-1) in 1994 and China's FY-2 in 1997 
in addition to further US, European and Japanese satellites at 
regular intervals. 

Geostationary weather satellites pose some specific design 
challenges. The large telescope and camera dominates the 
satellite to the extent that some early designs were dynamical
ly unstable - in the case of the US's SMS and early GOES 
series, and of Europe's Meteosat and Japan's initial GMS 
series, having to eject the apogee boost motor case when 
empty in order to become dynamically stable. 

Current satellites have evolved along two distinct paths, 
with Europe and China continuing to build spin-stabilised 
satellites, while the US starting with GOES-8 in 1994, Japan 
with MTSAT-1R in 2005 and India now use 3-axis stabilised 
satellites. Satellite mass has risen from 600-750kg for the 
1970/80 satellites to the 3.2 tOIU1e GOES-N due for imminent 
launch as this article is being written. 

International colla boration 
The world's weather satellites 
are coordinated under the aus
pices of the World 
Meteorological Organisation, 

its~~.;;a. ted to the United 
Na . e satellites are coor-
dinated . .. a purely voluntary 
basis by members of the 
Coordination Group for 
Meteorological Satellites 
(CGMS). Members include 
Eumetsat for Europe, the US, 
Japan, Russia, China and India. 

Europe's Meteosat 2nd generation satellite [Credit: ESA-D. Ducros 2002] 

various CGMS members differ in design, several of their key 
technical and operational characteristics are coordinated, 
including: 

• data dissemination is interoperable between the systems 

• remote data collection platforms are interoperable 

• image characteristics are similar 

• meteorological products derived from the images conform 
to agreed standards. 

Weather forecasters therefore have access to a truly global 
data set on a 24 hour a day basis. 

Payloads - now and in the future 
With one exception, the current geostationary weather satel
lites capture imagery in four or five visible and IR spectral 
bands. The imagery has a resolution of 1-5km, the visible 
imagery being slightly higher resolution than the IR. The US 
satellites also carry an 18-chaIU1el IR sounder, which help to 
monitor and predict the particularly violent weather events, 
such as tornados. 

The exception referred above to is Europe's Meteosat 
Second Generation (MSG) series, the first of which was 
launched on 28 August 2002. MSG images cover 12 spectral 
chaIU1els, similar to the A VHRR images taken by many polar 

orbiting systems. The US is now 
studying the design of a similar 
system that would follow the cur
rent GOES N-Q series. Europe, 
meanwhile, is studying a Meteosat 
Third Generation (MTG) concept, 
which is likely to involve 3-axis 
stabilised satellites with significant 
new payload features - first launch 
would be 10-15 years from now. 

Although the geostationary 
satellites and systems of the 

Hurricanes Jeanne and Karl and tropical storm Lisa: GOES-12. Sept 21st, 

Pat Norris is Business Development 
Manager at UK systems integrator 
LogicaCMG, and was involved in 
supply of ground facilities for the 
Meteosat Second Generation and 
MTSAT-IR systems. 2004 [Credit: NOAA] 
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Galileo 
Galileo satellites will carry Europe's first generative (primary) 

navigation payloads designed and built by EADS Astrium in the UK 

Europe's satellite navigation system 
The Galileo project is making big promises for the wellbeing of 
Europe. 

By Gerrit Beyer 

Sir Arthur Oarke's geostationary orbit is not the only orbit 
for satellites. As every application has its optimum orbit alti

tude, inclination and shape, it really is 'horses for courses'. 
Earth observation satellites are normally in low polar earth 
orbits; communications and broadcasting satellites are mostly 
in geo; high latitude communications spacecraft are often in 
highly elliptical inclined orbits; and navigation satellites are pri
marily in intermediate circular inclined orbits. 

The latest and probably the most advanced of satellite navi
gation systems is the one proposed by the EU, called Galileo. 

Galileo is a joint initiative by the European Space Agency 
(ESA) and the European Commission (EC) to develop and 
launch an independent constellation of 30 civil controlled navi
gation satellites. From 2009, Galileo will enable users to pinpoint 
their location with high precision and guarantee a service any
where in the world. Being fully interoperable with, but operated 
independently from, the US-owned Global Positioning System 
(GPS), Galileo will provide significantly enhanced accuracy and 
signal integrity. The new system is also designed to accommo
date the demanding requirements for safety-critical applications, 
for example in the field of air transport, and promises to be a 
catalyst for transport, telecom and the IT sectors. 

Galileo is Europe's largest high-technology project and is 
expected to contribute substantially to Europe's social and indus-
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trial integration. The satellite constellation, consisting of 30 space
craft, supported by a worldwide network of ground stations, is 
planned to be fully operational by 2009. The satellites will be posi
tioned in three 56° inclined orbits at altitudes of 22,900 kilometres 
to provide highly accurate timing signals to support a seamless, 
global navigation network, complementing the US GPS. 

Reaching agreements 
In May 2003, the governments of the participating European 
member states agreed to proceed with the development and 
validation of the first four satellites of the Galileo system. A pre
liminary contract for the In-Orbit Verification (lOY) phase was 
awarded to the European consortium Galileo Industries in 
December 2004. The lOV phase, jointly funded by the EC and 
ESA, encompasses the development, manufacture and launch 
of these four flight models together with the establishment of 
essential ground segment elements. 

Galileo Industries had already signed a contract worth €72rn 
for the Galileo System Test Bed (GSTB V2B) satellite in July 
2003, while Surrey Satellite Technologies Ltd took on the small
er GSTB V2A contract. These early prototypes will be precursor 
and test missions for Galileo and Europe's first satellites entire
ly dedicated to navigation. Their primary purpose is to secure 
the global radio frequency filings and, in the case of GSTB V2B, 
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demonstrate and validate all payload teclmologies previously 
developed under the Galileo prograrrune. The first satellite will 
be launched on a Soyuz rocket in December 2005. 

The development and manufacture of the large and highly 
complex space-based Galileo infrastructure is a stimulating 
challenge for European industry. The European consortium 
Galileo Industries was established in 2000 as a joint venture by 
Europe's leading space companies, with EADS Astrium as its 
largest shareholder, to act as the industrial prime contractor to 
deliver the GaIileo infrastructure, budgeted at €3.5bn in total. 
The other Galileo Industries shareholders are Alcatel Space and 
Thales of France, Alenia Spazio of Italy and the Spanish consor
tium Galileo Sistemas y Servicios. 

Following approval of the system in May 2003, Galileo 
Industries is rapidly becoming a truly integrated company with 
its head office in Munich, Germany, responsible for the global 
system architecture. In 2004, an engineering office was estab
lished in Rome, Italy. 

EADS Astrium is a principal shareholder and will support 
the implementation of the Galileo system as per following: 
• EADS Astrium Germany's Ottobrunn site is focusing on the 
design and develop
ment of the space seg
ment and its 30 satel
lites, and is playing a 
major role in overall 
systems engineering 
and in elements of the 
mission's ground seg
ment. 

Galileo will have 27 operational spacecraft and 
three spares in three 56° inclined circular orbits 

period. The Galileo Joint Undertaking 
(GJU) announced in June 2005 its 
acceptance of a joint bid by iNavsat and 
Eurely. Both teams have now jointly 
begun negotiations with the customer, 
which are expected to last at least until 
the end of the year. 

In February 2003, a call for expres
sions of interest was launched to allow 
private sector companies to apply and 
prepare for the call for tenders. 

• EADS Astrium UK's 
Portsmou th site is 
responsible for the 
design and manufacture 
of the complex naviga
tion payload and is also 
leading the manage
ment and system engi
neering for the ground 
control segment. 

Between six and eight Galileo satellites could be launched on each Ariane 5 
In October 2003, the Joint 

Undertaking launched a call for tenders 
for the one, two (or possibly more) con

sortia interested in operating and marketing Galileo. • In France, EADS Astrium's Toulouse site plays a major role 
in Galileo's mission ground segment, and 

In Spain, EADS Astrium and its affiliated companies are also 
participating substantially in the prograrrune. 
• In addition, technical experts nominated by EADS Astrium 
from across all the countries are taking key positions within 
Galileo Industries to support overall management and system 
engineering tasks contracted to the joint venture. 

Innovative funding 
After completion of the in-orbit validation phase, the procure
ment and operation of the overall system is to be financed 
through a Galileo concession company on a public-private part
nership (PPP) basis. This is the first time that the EC and ESA 
will adopt the innovative PPP approach to finance a space tech
nology project. The concessionaire will bring together public 
and private investors from the finance and telecorrununications 
corrununities together with other interested parties, to procure, 
deploy, operate and maintain the system and to collect the rev
enue particularly from the high-integrity value-added services. 

In partnership with Inmarsat and Thales, EADS SPACE 
Services formed the iNavSat consortium to compete for the role 
of the concessionaire, or GaWeo Operating Company, the entity 
that will deploy and operate the constellation over a 20-year 
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In February 2004, three consortia were selected as bidders. 
This included the iNavSat Consortium with EADS SPACE 
Services. In parallel with these consortia, the Joint Undertaking 
prepared the contents and the scope of the concession contract. 
The Commission will remain responsible for the public service 
requirements i.e. the quality, availability, integrity and continu
ity of the services and the safety requirements. 

After the withdrawal of one of the consortia, the GJU was left 
to select its preferred candidate from the remaining two. In 
May 2005, unable to decide between the two offers, the GJU 
opted to pursue a joint approach and in June accepted the com
bined iNavsat Eurely bid. The combined bid "showed a signifi
cant reduction in the financial contribution from the public sec
tor and an increase in the foreseen corrunercial revenue". This 
decision should now allow the concessionaire to be fully opera
tional in time and to effectively plan for the deployment phase. 

Market conditions 
Satellite navigation and precise timing teclmology is increasing
ly used in the industrial, public and consumer sectors. The 
overall decrease in cost and size of the receivers will continue to 
drive market development towards high volume applications 
and increasing levels of integration of satellite navigation tech-
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nologies with communications networks, geographic informa
tion and complete transport systems will resul t. 

The global turnover for satellite navigation products in 2001 
amounted to €15bn and is expected to rise to €140bn by 2015. 
In 2001, approximately 30% of the global revenues were gener
ated in Europe. 

As an enabler, Galileo can demonstrate space technology and 
can be an innovative driver for user- and consumer-oriented 
solutions, as entrepreneurs continue to develop new applica
tions to serve the growing market. It is estimated that satellite 
navigation technology will secure or create in excess of 100,000 
jobs across Europe. 

Satellite navigation and positioning and timing services are a 
vital element in many socio-economic sectors. Management and 
control of all modes of transport, communications networks 
and many other utilities are expected to benefit from satellite 
navigation. 

By integrating positioning information with communications, 
typically in handheld terminals and mobile phones, Galileo will 
enable many new location-based services to be introduced. 
Users will not only be provided with the exact details of their 
position, but will also be able to receive on-demand informa
tion about nearby restaurants, hotels, petrol stations and others. 
This combined location! transmission technology will also be of 
great benefit for personal safety as emergency services will be 
able to accurately locate callers who are unable to give their 
precise positions. 

Galileo has been designed to serve all transport domains: air, 
sea, road and rail. Applications include route planning, traffic 
and fleet management, in-car navigation, driver assistance, con
gestion and collision warning, and management of emergency 
situations in the air, on land and at sea. Thus, Galileo will lead 
to increased efficiency, safety and security and will directly con
tribute to reduced traffic congestion and travel times. 

Galileo's high-integrity global timing system, based on highly 
accurate atomic clocks, will facilitate the interconnection and 
synchronisation of a wide range of services from electricity sup-

ply and telecommunications networks to complex banking sys
tems. The introduction of combined position and timing infor
mation will also make data encryption and electronic signatures 
for e-commerce even more secure. Insurance companies will be 
able to use the technology to trace and follow high value goods. 

In addition to the navigation and positioning of vessels, 
Galileo signals can help to accurately locate and monitor fish 
resources and can assist the authorities in ensuring that vessels 
operate in their designated areas. Galileo can also contribute 
significantly to crop yield monitoring and precision farming, 
allowing effective resource management to safeguard the agri
cultural envirorunent. 

Various applications are currently being implemented to 
combat vehicle theft, monitor offenders on bail and patrol mar
itime borders against illegal trafficking. Satellite navigation can 
also be used to keep track of registered cargos and dangerous 
goods. Tracking and tracing applications will increase the effi
cient use of resources in large-scale security operations to 
ensure public safety and security at events such as the Olympic 
games or summit meetings. 

The crown jewels 
Galileo is a highly Significant programme for the whole of 
Europe as it delivers valuable supplementary means of inde
pendence from GPS. It offers a huge market potential and its 
advanced technology is a definite catalyst for further innova
tion in Europe. 

Galileo will be the first radio satellite navigation system fully 
under civil control, securing maximum service availability and 
reliability. 

The system will allow, also for the first time, the implementa
tion of integrity alerts and will enable users to enter into a con
tractual service agreement with the Galileo operator. 

Gerrit Beyer is Business Development Manager for Satellite 
Navigation Systems at EADS Astrium Ltd. 

EADS Astrium Ltd has already built and delivered the payload for GSTB V2B, due for launch by early 2006 
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The ability to launch spacecraft has changed our lives. The 
greatest innovations have been new views of the world. 

Scientific exploration of the Earth from space has been a key to 
better understanding of our home planet: its interior, surface, 
magnetosphere, atmosphere and climate, resources, active 
Earth, global biosphere and so on. 

Earth observation satellites remain in place for long periods 
of time, so they can highlight gradual envirorunental changes. 
Archived satellite data shows us the steady clearing of the 
world's rainforests, an apparent annual rise in sea level and 
depletion of the ozone layer by atmospheric pollution. This 
long-term monitoring of the Earth's envirorunent enables a reli
able assessment of the global impact of human activity and the 
likely future extent of climate change. 

As part of ESA's Living Planet Progranune, the Earth 
Explorer missions encompass a new strategy for observing the 
Earth from space, designed to address critical and specific sci
ence issues using innovative technology. There are currently six 
Earth Explorer missions: 

CryoSat (launch scheduled for September 2005) will deter
mine variations in the thickness of the Earth's continental and 
marine ice cover, then test and quantify the prediction of dimin
ishing polar ice due to global warming. 

GOCE (Gravity and Ocean Circulation Explorer, planned 
launch 2006) will provide the data-set required to accurately 
determine global and regional models of the Earth's gravity 
field and geoid. This will advance research in areas of ocean cir
culation, physics of the Earth's interior, surveying and sea-level 
change. 

ADM-Aeolus (Atmospheric Dynamics Mission, planned 
launch 2007) will provide novel global wind-profile observa
tions and information to improve weather forecasting. 

SMOS (Soil Moisture and Ocean Salinity, planned launch 
2007) will provide global maps of soil moisture and ocean salin
ity to increase understanding of the Earth's water cycle and 
contribute to climate, weather and extreme-event forecasting. 

Swarm (planned launch 2009) is a constellation of three satel
lites to study the dynamics of Earth's magnetic field to gain 
new insights into its interior and climate. 

EarthCARE (Earth Clouds Aerosols and Radiation Explorer, 
planned launch 2012) is a joint European-Japanese mission that 
aims to improve the representation and understanding of the 
Earth's radiative balance in climate and numerical weather 
forecast models. 

In early 2005, ESA released the latest opportunity for scien
tists to submit ideas for future Earth Explorer missions. 

Global monitoring for environment and security 
Global monitoring for envirorunent and security (GMES) is led 
by the European Conunission (EC) and ESA to support 
Europe's goal of sustainable development and global gover
nance, in support of envirorunental and security policies. GME5 
supports many service elements, including land cover and for-
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est monitoring, the marine, coastal and polar envirorunents, 
maritime security, risk management, food security, atmospheric 
monitoring and humanitarian aid. 

Planetary monitoring requires global international co-operation. 
An example is the use of Earth observation science to improve 
current water management practices (e.g. in Africa or in Asia), 
enabling the identification and sustainable exploitation of under
ground aquifers, better management of wetlands, enhancing food 
security and epidemiology research into links between outbreaks 
and envirorunental factors. Earth observation can be developed as 
a territorial management tool, enabling improved development 
planning, resource mapping and mitigation of natural hazards, 
therefore, protecting the habitability of our home planet. 

We also need to understand where we are in space and time 
in the universe. The night sky glows in microwaves with the 
very first light ever released into space, some 100,000 years after 
the Big Bang. Space telescopes are time machines, allowing us 
to use this fossil light to see the birth and development of the 
young universe: the Big Bang, first stars and galaxies, stellar 
and galactic evolution and the origins of solar systems. 

The violent conditions in the early universe or at the edge of 
black holes are a laboratory in which to study astroparticle 
physics at energies beyond laboratory accelerators and physics 
beyond quantum and Einstein relativity laws. Some future space 
missions will question the laws of fundamental physics and the 
universe. One will test the equivalence between an inertial mass 
and gravitational mass. Another mission, such as LISA, will 
track - for the first time - the elusive' gravitational waves' pre
dicted by General Relativity, giving birth to a new kind of 
astronomy that no longer looks at light, but detects tiny ripples 
(less than 1run over million km) of space-time due to gravity. 

Solar system exploration 
Solar system exploration focuses on understanding the Earth's 
relationship with the Sun and other planets. Study and moni
toring of the Sun is necessary to assess our analysis of the 
Earth's changing climate. The Sun's light helps to maintain our 
world's temperature, but it also produces a magnetic field that 
shields us from deadly cosmic rays from deep space. 

The discoveries of proto-planetary disks around other stars 
and the detection to date of more than 150 Jupiter-type exo
planets provide evidence that fonnation of extra-solar systems 
may be common throughout the universe. In coming years, the 
COROT mission, planned launch 2007, will be able to detect 
both giant and terrestrial planets (super Earths) during 150 
days of continuous high-precision, simultaneous, photometry 
of 5000 stars. Nasa's Kepler mission will look for transits by 
Earth-sized planets in Earth-like orbits. ESA's Gaia astrometric 
mission, planned for launch in 2011, will measure the stellar 
reflex motion to detect tens of thousands of jovian exoplanets. 

Intriguing presence of organic molecules 
Biogenic elements such as H, C, N, 0, 5, and P are widespread 
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in our galaxy. The existence of organic molecules in interstel
lar and circumstellar environments, their incorporation into 
potential planet-forming disks and subsequently into solar 
system material has been successfully investigated over the 
last decade. Extraterrestrial delivery of organic matter and 
water by comets and asteroids may have triggered the emer
gence of life on Earth and possibly on Mars. Common interest 
in the origin and distribution of life in the universe has led to 
a new scientific discipline: astrobiology. Astronomical tele
scopes and space missions contribute to the investigation of 
possible habitats in our solar systems, the search for exo-plan
ets and the link between falling extraterrestrial matter and the 
origin of life on Earth. Key astrobiology questions being 
addressed include: 
o How do solar and stellar systems form? (ISO, Herschel, 

SMART-I, Rosetta, Bepi-Colombo, Gaia); 
o Geological evolution of terrestrial planets (living planet, 

Mars-Express, SMART-I, Venus-Express, Bepi-Colombo) 
o Interstellar complex organic chemistry (ISO, ISS/EXPOSE, 

Herschel, Rosetta) 
o Co-evolution of Earth-Moon, effects of impacts on life 

SMART-I, Bepi-Colombo) 
o How to detect other solar systems and habitable zones 

(COROT, Gaia, Darwin) 
o Early Earth and alternative environments 

(Huygens/Cassini, Mars-Express, Venus-Express) 
o Signature of biosphere and photosynthesis (Earth Explorer 

missions, Darwin) 
o Water on Mars (orbiter instruments on Mars Express and 

Exomars lander) 
o Search for organics and life on Mars (Mars Express, 

ExoMars lander and future Mars sample return) 
o Astrobiology in low-Earth orbit (survival of organics in 

space and human studies on ISS) 
o Terrestrial life beyond the Earth (life sciences and human 

missions on the Moon and Mars) 
Several space missions investigate extraterrestrial organic 

chemistry and search for extra-solar systems and traces of life. 
ESA's Infrared Space Observatory ISO (1995-1998) has revolu
tionised our W1derstanding of gas and dust in interstellar and 
circumstellar space. Nasa's SIRTF mission is continuing this 
research, and the airborne observatory Sofia will be laW1ched in 
the near future. 

ESA's Herschel Space Observatory (due to be laW1ched in 
2008) will be the only space telescope covering the far infrared to 
sub-millimetre range of the spectrum (from 80 to 670 microns). 
It will be located 1.5 million km from Earth. For at least three 
years, Herschel will contribute to astrobiology by studying the 
formation of early galaxies, stars and planets. 

The James Webb Space Telescope, JWST (NASA/ESA) will be 
able to penetrate the dusty envelopes aroW1d newborn stars using 
the infrared part of the spectrum. JWST will also study small 
objects, brown dwarfs and Jupiter-sized planets that are not mas-
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sive enough to become stars. JWST's high resolution will also 
make it possible to see how extra-solar planetary systems form. 

Placing Earth into context 
By studying alien Earth-like worlds, such as the Moon, Mars, 
Venus, or Jupiter's or Saturn's moons, we can place our own 
Earth in context. 

How do rocky planets form and grow? Models assume accre
tion from embryo planetesimals from different parts of the solar 
system. The Moon and Mercury carry a physical and chemical 
record of the early bombardment of the inner solar system not 
visible on Earth. The physics of impact processes can be investi
gated on different scales, making use of remote sensing, in-situ 
and sample data. 

The Nasa/ESA Cassini-Huygens mission continues to 
explore Saturn and its rings. In January 2005, the European 
Huygens probe measured the properties of Titan's atmosphere, 
including organic molecules and nitriles, thought to resemble 
those of the yOW1g Earth. High-resolution images provided evi
dence of a methane river cycle on Titan's surface. 

It will also be interesting to study the Jovian system for clues 
on the formation of the solar system. Jupiter's moon Europa 
probably hosts a subsurface water ocean beneath its outer ice 
crust. Europa seems to have an internal energy source provided 
by tidal friction through its interaction with Jupiter, which 
could keep water in liquid state below the crust and would, 
therefore, provide key ingredients for life. This would make a 
great laboratory for deep oceanic exploration. 

ESA's Rosetta mission laW1ched in March 2004 is planned to 
rendezvous with comet Churyurnov-Gerasimenko (CG) in 
2013-2015. More than 20 instruments on the orbiter and lander 
will obtain data on cometary origin and the interstellar-comet 
connection, yielding insight into the origin of our solar system. 
Rosetta will study the comet's nucleus and environment for 
two years, with distant observations leading to close observa
tions (~ lkm distance). Comets are relics of planet-formation 
processes in our solar system and are thought to contain the 
most pristine chemical record, since they spend most of their 
lives in the cold outer part of the solar system. Knowledge of 
their composition is a key astrobiological objective in order to 
W1derstand what material was delivered to the early planets by 
cometary impacts. 

Earthly connections 
We have to nurture awareness of the universe/ solar-system/ 
earth/life/hurnan-society connection. To bring people to space, 
scientific, technical, economic, legal issues should be presented 
and debated with the public, to engage citizens in key questions 
relevant both for space exploration and 
to keep alive the values of our Earth. 

Bernard H. Foing is Chief Scientist at 
the ESA Science Directorate. 
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For high-power performance, devices designers 
are turning to wide-bandgap materials, in particular 
silicon carbide (SiC) and gallium nitride (GaN), which 
have the potential to increase the power perfor
mance of MMIC power amplifiers by a factor of 10. 
These materials offer much higher breakdown fields 
and saturated electron velocities than GaAs, as well 
as far superior thermal conductivities. As a result, 
power devices based on these materials are 
expected to operate at high frequencies with high 
power density and efficiency, while also being able 
to withstand large voltages and currents. 

The potential of these wide-bandgap semicon
ductors has been recognised for some time, but the 
materials and processing technologies have only 
recently reached a level of maturity where device 
performance can be tested and demonstrated 
experimentally. Progress in this area has largely 
been driven by a strong market for light-emitting 
diodes and lasers based on Gal\! and AIGalnN 
grown on SiC substrates, and these developments 
are now feeding through to RF device applications. 

The report points out that substrate technology 
has been a particular challenge in the development 
of wide-bandgap electronic devices, since the high 
melting points of these materials prevent them from 
being produced in high volumes using the tech
niques traditionally used for silicon and GaAs. 

Of the wide bandgap materials, SiC offers by far the 
most mature substrate technology, although cost 
and reliability issues still remain. 

SiC wafers are most commonly grown using a 
physical-vapour transport process, in which 
extremely pure SiC source material is evaporated 
onto a seed substrate. To obtain high quality sub
strates, it is critical to control the thermal gradients 
within the deposition chamber accurately and to 
minimise the presence of electrically active impuri
ties such as boron and nitrogen. Another issue is 
that SiC naturally forms more than 200 different 
crystal structures, but only two of these - 4H and 
6H - are useful for electronic devices. As a result, 
the growth conditions must be controlled to ensure 
the formation of the required crystal type. 

Three-inch semi-insulating SiC substrates are now 
commercially available from Cree and other compa
nies for about $700 each, compared with less than 
$10 for six-inch GaAs wafers. Efforts are also contin
uing to prevent the formation of so-called micropipes 
during crystal growth, which reduce the usable area 
of the wafer and so decrease device yields. 

To achieve operation at high frequencies, GaN 
transistors are usually grown on SiC substrates to 
deliver cut-off frequencies of up to 11 OGHz. GaN 
has primarily been used to produce AIGaN/GaN 
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HEMTs, but there has also been some work on 
HBTs, HFETs and MESFETs. Another option that is 
now being pushed by Nitronex of the US is to grow 
GaN devices on low-cost silicon substrates. This has 
so far been impossible because of the large lattice 
mismatch between GaN and silicon, about 18%, as 
well as a significant difference in thermal properties, 
which strains the interface between the two mate
rials. Nitronex has solved these problems by growing 
a buffer layer between the silicon wafer and the GaN 
epi-Iayer to absorb and dissipate the tension. The 
company claims to have developed a stable, uniform 
and repeatable processing technology based on 
standard silicon processes and now offers four-inch 
epi wafers on a commercial basis. 

Most GaN results to date have been measured on 
discrete devices and the development of a GaN 
MMIC technology remains at an early stage. 
However, several groups have built GaN MMICs 
that show promising performance and Cree offers 
prototyping seNices on three-inch SiC wafers for 
research groups wanting to test the performance of 
the technology. 

Alongside these innovations at the chip level, 
more detailed and accurate simulation techniques 
are allowing circuit designers to understand and 
predict the complex electromagnetic behaviour that 
arises in MMICs operating at high frequencies. This 
helps to optimise the performance of mm-wave 
MMICs and reduce the risk associated with devel
oping a new fabrication process. 

Despite all that, cost remains a major obstacle for 
commercial applications of mm-wave MMICs. 
Further optimisation of mm-wave circuit designs are 
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likely to reduce both the chip area and cost of 
MMIC solutions, while MMIC foundries claim that 
they could introduce price structures that would 
allow significant rate reductions for high-volume 
orders. But the report reveals that the biggest issue 
remains the cost of packaged mm-wave 
transceivers, which are often about five to six times 
as expensive as bare MMIC die. Only by reducing 
packaging and assembly costs can the mm-wave 
community hope to achieve high-volume sales of 
MMIC devices and transceivers. 

single package, also offer significant potential for 
reducing the size, weight and cost of complete mm
wave subsystems. 
-- Automated assembly: current processes for 
assembling mm-wave MMIC-based transceivers are 
labour intensive and hand-tuning is often required to 
achieve the desired performance. Techniques now 
being investigated to enable the mass production of 
mm-wave MMIC modules include flip-chip bonding 
to connect the MMIC to the subassembly reliably 
and repeatably, and the introduction of automated 
pick-and-place machines to position the MMICs in This critical objective requires innovation in two 

key areas: a module and for automated bonding. The trend 
towards multichip modules will also lead to reduced 
assembly costs. 

.- Material cost: most existing MMIC packages are 
made from milled metal, which is both expensive 
and heavy. Package designers are now investi
gating alternative materials, including ceramics, 
plastics and polymers. These low-cost, lightweight 
materials have already proved successful at low fre
quencies and some, in particular low-temperature 
co-fired ceramic (L TCG) materials, are showing con
siderable promise at higher frequencies. Multichip 
modules, which incorporate several MMICs in a 

These developments will be crucial to achieving 
affordable MMIC solutions at mm-wave frequen
cies. Good communications between the foundries, 
the module makers and the system manufacturers 
will playa critical role in helping suppliers to better 
meet the needs of their customers and, in so doing, 
reduce unit costs, deliver the required performance 
and speed up time-to-market. 

PLEASE ENSURE YOU TELEPHONE TO CHECK AVAILABILITY 
OF EQUIPMENT BEFORE ORDERING OR CALLING 

MISCELLANEOUS CLEARANCE STOCK 
OSCILLOSCOPES 
Tektronix 465B Dual Trace I OOMHZ Delay litted inlo 19· rack 
Irame ..................... .... ... ..................................... . ....... .... . £125 
HP 1740A Dual Trace 100MHZ delay (no lock) ....................... £40 
HP 1740A Dual Trace 100MHZ Delay.................... .. £60 
HP 1741 Dual Trace 100MHZ Analogue Storage...... . £60 
HP 1744A Dual Trace 100MHZ Analogue Siorage £60 
Philips PM3264 4 Ch. 100MHZ... . £125 
Gould OS3000A Dual Trace 40 MHZ £40 
Trio CS I 040 Dual Trace 40MHZ .. ... ... .. .... £50 
Goldstar OS9020P Dual Trace 20MHZ ... £50 
Iwatsu SS5702 Dual Trace 20M HZ .. ........................................ £40 
Kikusui COS5020 Dual Trace 20MHZ... .. ................ £40 
POWER SUPPLIES 
Farnell L30BTO·30VO·IATwice ............... £40 
Farnell L30AT 0·50V 0·500MA Twice £30 
Farnell LT30·1 0·30V O·IA Twice Scruffy ... £40 
Farnell L30·2 0·30V 0·2A Scrulfy ... .. £30 
Farnell L30·1 0·30V O·IA Scruffy.. . .... £20 
Farnell L30B 0·30VO·IA .. £25 
Farnell L30AT 0·50V 0·500MA. £20 
Farnell CI 0·50V O·IA· 2 Meiers £30 
Farnell TOPSI 5V IA ./. 15V 200MA .£35 
Coulant LB500.2 0·30V 0·5A· 2 Meters.. £45 
Coulant LA200.2 0·3V 0·2A . 2 Meiers .. . ..£35 
Coulanl LOT200 0·15V 0·2A· Twice ... £30 
Coulant LOTIOO 0·30V O·IA TWice... . .£40 
Coulanl LOT50/50 0·50V 0·500MA ................................... £30 
Weir 761 0·30V 2A or 0·15V 4A ... .£30 
Weir 762 0·30V 2A or 0·15V 4A .. ....... ...... . . £30 
Weir 4310 0·30V 1 A . 5V 4A . . ... £20 
Weir 400 O·OV 0.3A· 10V lA.. .. ....... £20 
Weir 460 0·60V 0.3A· 20V lA... . .... £20 
HP 6266B 0·40V 0·5A 2 Meters... .£60 
HP 6256B 0·10V 0·20A 2 Meiers .... .. . £95 
HP6111AO·20VO·1A... .. ... £30 
HP 6235A .6V lA ./·19V 200MA .... £25 
Kingshill 36V2C 0·36C 0·2A ... £30 
Marconi TF2158 0·30V 0·2A Twice ... £30 
Lambda 422FM 0·40V O·IA Twice 4 Meters .. . £50 
Lambda LK345A FM 0·60V 0·10A 2 Meters ........ .. .. £75 
Systron Donner SHR40·2vO·40V 0·2A· 2 Meiers... £25 
Sorenson SRL60·4 0·60V 0·4A . .. .......... ...................... £60 
Grenson BPU4 .5V 2.5A & . /. 15V 0.5A . .. ....... £25 
RS 813·9912 x 5v 2.5A or 2 x 12V 1.5A or 2 x 5V lA......... £40 
RS 208·197 Line Voltage Condilioner . Oulpul 240V 0.65A . £40 
Power Conversion PLC1000 Une Conditioner 1000VA £50 
Harlyn Aulomalion IPPS5200 Syslem Power Supply ......... £60 
Powerllne LAB807 0·300V AC 0.75A .... ... £40 
Power Supply Model 12030 0·20V 0·30Amps . On Wheels .. .. £95 
Harmer Simmons 50/25/110 Input 240V lOA Output 50V 25A .. 

C~~ir~~i~.Mi66Reqa~oii . i~p~i . 246ij256vA.6~ip~t24iiv .£100 
1000VA. £50 

Dranetz606 Une Distribution Analyser .. . £35 
Wayne Kerr B601 Radio Frequency Bridge .. ..£25 
Feedback TFA607 Transler Function Analyser £25 
Wavetek 52 Dala Mullimeter .... .. ............ £60 
Gould SG200 RF Signal Generato r... .. ...... .... .. .. . £20 
Chalillon Force Meter .................. ............. . £15 
Allred El05 Variable Attenuator4·8Ghz . . .. ...... £20 
Cammetric 6 Decade Resistance Box. .. . ............... . ............ £15 
Sullivan C8710 Precision 5 Decade Capacitor Box... .. ...... £20 
Marconi 6033/3 WavegUide ........................... £20 
Marconi 2169 Pulse Modulator. ................ £20 
Marconi 2430A Frequency Meter 80Mhz £30 
Marconi 6950 RF Power Meier· No head ................ ..£35 
Marconi 6960 RF Power Meier· No head· Digital .............. £50 
HP X382A Variable Attenuator Waveguide .... £20 
HP 5316A Counter. . .. ...................... £50 
HP 8750A Storage Normalizer ..... .. ................. £60 
HP 907A Co·axial Sliding Load £20 
Programma TM2 Timer . £20 
Racal 9009 Modulation Meter .... £40 
Racal 9009A ModulatIOn Meter .. £50 
Texcan SA50 t02dB in ldB steps ......... £15 
Bird Al1enuator etc in box 30dB . .. ....... £15 
Bird 8341·200 Coaxial Al1enuator 20dB 40W 500hm ............ £25 
~- ~ 
Wattmeter 6 & 30W 500hm 30·50Mhz.... £40 
Telonic TTF95·5·5EE Tunable Band Pass Filter ... .. .£20 
Telonic 190·3EE Tunable Bank Reject Filter 125·250 .£15 
Telonic 95·3EE Tunable Band Reject Filler 60·t26... £15 
Helper Inst CMLI Sinadder . ...£30 
Helper Inst S103 Sinadder 3...... .. ........ ...£30 
SXP100 Parallel to Serial Convertor ... £10 
Micromasler LV £40 
Dataman S3 Programmer .. .. .£50 
RS 424·103 LogiC Pulser... £5 
Global SOl Shortsqueek .. ............ £20 
RS 180·7127 Conductivity Meter .... .£35 
Eagle DC30 Probe 30Ku DC ....... .. ....... .. .. £5 
AVO 100AMP Shunt lor AVO 8 ........................................... £5 
Southern Callornia BTXRM·S·l0 2000.0MHZ.. .. .................. £50 
Motorola R2001 0 Communication System Analyser ..... . .. . £250 
Weston 1149 Standard Cell 1.01859 ABS Volls at 20C ......... £10 
Muirhead A·6·B Resistance Box. ........ ................... .. .. .. £10 
Racal9917A UHF Frequency Meter 10HZ·560MHZ .£45 
Racal9917 UHF Frequency Meter 10HZ·560MHZ...... £40 
Racal9915M UHF Frequency Meter 10HZ·520MHZ £30 
Racal 9901 Universal Counter Timer DC·50MHZ.. ..£15 
Racal 9900 Universal Counter Timer 30MHZ DC·30MHZ £15 
Wavetek 136 VCG/VCA Generator ............. . £20 
HP 435A Power Meter· No lead no head .. .. .. £15 
HP 8015A Pulse Generator. .. .. . £30 
HP 403B AC Vollmeter .. .. .. £15 
Di·Log PR4 t 5 Phase Rotation Indicator ............ £10 
Maywood 02000 Digitallndicalor. . ................. £10 

18 STEWART OF READING I I 
. ~ .• 17 A KING STREET, MORTIMER, NR. READING RG7 3RS VISA 

Telephone: 0118 9331111 Fax: 0118 9332375 
vvvvw.stewart·of-reading.co.uk 

Open 9am-5pm Monday to Friday (other times by arrangement) 
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HP 37204 HPIB Extender . £10 
Hatlield 2115 Attenuator750hm 100dB ........ £10 
Hatfield 2115R Attenuator 750hm 100dB ..... . .......... £ 1 0 
Hatfield 2118R Attenualor 7500hm 10dB ... . .... £10 
Hatfield 2135 Attenualor 6000hm 100dB... .. £20 
Tektronix 1103 Tekprobe Power Supply ............... ........... £10 
Systron Donner 6243A Frequency Counter 20HZ·1 250MHZ £35 
Levell TG301 Function Generator I MHZ Sine/SqlTrI ... . .. £30 
Solartron 7045 Digital Multimeter £30 
HP 8404A Levelling Amplilier ... . ................. £15 
HP 3455A Digital Voltmeter. .. ........ ...................... £50 
Feedback FM610 Digital Frequency Meter ............ . £25 
Farnell TM8 True RMS RF Millivoltmeter ... £40 
Thurlby 1503 Digital Mulitmeter £15 
Sullivan 6666 Milliohmmeter .. £15 
K&L Tunable Bank Reiect Filter. £15 
Barr & Stroud EF4·01 Bank Pass Filler lHZ·l00KHZ ..... £15 
Barr & Stroud EF4·02 LP/HP Filter 1HZ· 100KHZ . £15 
Fluke 8810A Digital Multimeter ... ..£30 
Fluke 8502A Digital Multimeter ... .. ...... £25 
Electronic Visual EV4040 TV Wavelorm Monitor £20 
Tracer Northern TN1 750 . £30 
RS 555·279 UV Exposure Unit ... .£ t 0 
MicrodyneCorp Receiver £60 
Varian V2L·6941FI Travelling Wave Tube Amplilier ............. ... £50 
Moore Read SFC50011 AUXR Stalic Frequency Convertor 120 
Volts 400 HZ ... £50 
Drager 21/31 Mulli Gas Detector ................ .. .... £10 
Philips PM8237B MultipOint Data Recorder £20 
Endeuco 4417 Signal Conditioner X 2 £10 
Pulselek 132 DC Current Calibrator £30 
PMI038·D14 Display with 1038·Nl0 Network Analyser. No 
Heads .£50 
Megger MJ4MK2 Wind Up lOOOV MOhm ............ £30 
Metrohm 250V Pat Tester £15 
Sullivan AC1012 4 Decade Resistance Box 0.05% .. __ .. £10 
Brandenburgh 020 Static Freq Convertor 11 0/240V input 
50/60HZ Output 115V 400HZ 20VA £40 
Narda 706 Al1enuator . £10 
Analogue Associates X800 Audio Amplilier 800watt (400w per 
Channel no DC Proteclion).. .. .......... £60 
W&G PCG2 PCM Channel Generalor ....... . £30 
S,vers Lab 12400 • 18000 MHZ £10 
Sivers Lab 5212 2500· 4000MHZ.C264 £10 
Cropico VSIO DC Standard IOV... . ..... £30 
Dawe 14050 Sound Level Meter................ ........... £15 
Cambridge 44228 Potentiometer in Wooden Case £30 
WeircliNe Model 6 Bulk Eraser £10 
Casella T8620 Heat Stress Monitor ... £20 
Casella Drum Recorder £20 
Negrettl 0·55C Drum Recorder ... .. .... £20 
Negretti 125 Series Drum Recorder. ........................................ £20 
Sato Keiryoki NS307 Hydrothermograph Dual Channel·15c 10 
+4Oc ...... £30 
OK Industries CECCOO·015 Sunace Resislivity/Resistance to 
Ground Meier· No Probe.. .. ..... £10 

Meggar 1000V X2 Wind Up .. .. .. .............. £10 
Edgcumbe 30A Clamp Meter Analogue .. ..£10 
Linstead GIOOO Generator 10MHZ Sine/Sg/CMOSmL ....... £20 
Circuit mate FG2 Funclion Generator lHZ·2MHZ .. £30 
Kl ippon UT2 Combi Check ...... . £10 
AVO 1200R Clamp meter 0·600V 0·1200A Analogue.. £10 
AVO TTI69 Insitu Transisto r Tester... . .. £10 
Thurlby Thandar TGI02 Func. Generator 2MHZ .............. . £25 
Farnell PAI22 Programmable Al1enuator 500MHZ ................ £15 
Farnell ESGI Oscillalor IMHZ ... .. .. ...... £15 
Telequipment CT71 Curve Tracer (Broken Knob) ....... £20 
HP 5004A Signature Analyser ................... £20 

SPECIAL OFFERS 

OscllltlScopes 
LECROY 9400A Oual Trace t75MHZ 5G/S ... 
LECROY 9400 Dual Trace t25MHZ 
TEKTRONIX 468 Dual Trace 100M HZ Oigilal Storage 
TEKTRONIX 475 Dual Trace 200M HZ Oelay Sweep 
TEKTRONIX 465B Dual Tlace 100MHZ Delay Sweep 
TEKTRONIX 465 Dual Trace 100MHZ Delay Sweep 
PHILLIPS PM3217 Dual Trace 50MHZ Delay Sweep .. 
THURLBY PL320QMD 0·30V 0·2A Twice Digllal PSU ... 
H.P. 66312A 0·20V 0·2A Communications PSU 
HP 6623A3 Oulputs PSU 0·7V 0·5A or 0·20V 0·2A 

0·20V 0·2A or 0·50V O·O.SA 
0·7VO·IOAorO·20V 0·4A 

£500 
.. £400 
.. £300 
£250 

.. £250 
........ £t75 

............ £150 
. £160 
. £200 

£425 

H.P. 6626A Precision High Resolution PSU 4 Outputs .. ................. £500 
0-7VO·15MA or 0·50V 0·0.5A Twice 
0-16V O-O.2A or 0·50V 0·2A Twice 

CIRRUS CRL254 Sound Level Meter with Calibrator 80- t20db LEO ... £95 
WAYNE KERR B424 Componenl Bridge...................... .......... ..... £50 
RACAL 9300 True RMS Voltmeler 5HZ-20M HZ usable 10 60MHZ 10V-
3t6V ... ... ... .. ..................................................................................... £50 
RACAL 9300B True RMS Vollmeler 5HZ-20MHZ usable to 60MHZ 
10V-316V .£75 
AVO DAI16 Digilal Avometerwith Battery and Leads ......................... £20 
FARNELL LFM4 SineiSq Oscillator 10HZ·IMHZ low distortion TIL OUljlut 
AmpliludeMeler ................. ........................ .. .. ................................ £75 
FARNELLJ3B Sineisq Oscillator 10HZ-100KHZ Low Distortion . .. ...... £60 
HEME 1000 LCD Clamp Meter O·IOOOA in Carrying Case ......... £35 
FLUKE 77 Mulilmeter 3 112 Digil handheld with Battery & Leads £45 
KENWOOD VTI762 Channel Mullivoltmeter ....................... £50 
KENWOOD FL 140 WOW & Fluner Meter. £50 
KENWOOD FL 180A WOW & Fluner Meier ..... £75 
KENWOOD FL180A WOW & Fluner Meier Unused ............... . .. £125 
MARCONI 6960B Power Melerwilh 6920 Head tOMHZ - 20GHZ ..... £450 
SOLARTRON 7150 DMM 61/2 digit True RMS.IEEE .... £75 
SOLARTRON 7150 Plus As 7150. Temperalure Measuremen!... £100 
IEEE Cables ......... ....... ....................... ... .... ..... .. ................................... £5 
HP 3312A Funclion Gen O. tHZ·13MHZ AMlFM Sweep/SqlTn/Burst elc 

HP33iiiAi~n~iio~ii;~6iiii5Hi5MZ SineiSQfT;;,;ii~;;;piP~I~~ .... ~~~~ 
MCAL 9008 Automalic Modulalion Meier !.5MHZ-2GHZ ............. £60 
ISOLATING Translormer Input 250V Outpul500VA Unused ............ £30 
MCAL 1792 Reciever .£525 

USED EQUIPMENT - GUARANTEED. Manuals supplied. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check avajlability before 

ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage. 
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INTELLIGENT ELECTRONICS START WITH MICROCHIP 

When developing or manufacturing products, time to market is essential and this may mean you 
need to get hold of parts quickly. To complement our distributors' inventory of Microchip product, 
buy. Microchip gives you the ability to order direct from our factory. 

buy.Microchip - The easy way to source parts 24 hours a day, 7 days a week 

Buy online, pay by credit card 

Currently available in 28 European countries 

Special fast-turnaround, flexible factory test cell 

Speed is important. You need to bring products to market fast to 
beat your competitors, and can't afford to wait around for long
leadtime components or development tools. Microchip has 
created buy.Microchip, an extension of the Microchip website that 
allows you to place orders directly with Microchip to ensure the 
fastest possible delivery of the parts you need. 

Microchip's distributors carry an extensive range of our vast 
product range. However, sudden increases in demand mean 
your requirements change and your particular, unique, product 
requirements may not be immediately available from a distributor. 
Conventional semiconductor production approaches can make it 
difficult to respond quickly. 

bu . 
MI OCHIP 

ONUNE CATALOG 
~st>;qqbJ.DJs.d'f&IIIiI""" 
...-. anaIoC am serial EB'AOMs. 

http://buy.microchip.com 

Complements existing distribution channels 

Buy any Microchip product - devices, tools and development kits 

Items in stock ship within 48 hours of ordering 

Microchip have built an innovative "Flex Cell" in our testing facility 
that is used to provide the parts sold through buy. Microchip. 

Basically it's a flexible test cell, which is separate from our high 
volume test line. While the flex cell shares the same test platform, 
test software, testing method and quality standards, it has one 
difference. In the flex cell, Microchip breaks set-ups all day to 
reconfigure to the immediate need of our customers. As a result, 
flex cell delivers short lead-times, but it costs more to 
manufacture so this is reflected in the pricing. If you have an 
urgent requirement, buy. Microchip can get you parts fast! 

~ MICROCHIP 

The Microchip name. logo and PIC are registered trademarks of Microchip Technology Incorporated in the USA and other countries. All other trademarks and registered trademarks are the property of their respective owners. 
© 2005 Microchip Technology Inc. All rights reserved. ME139Eng/04.05 



DIY 

Howt 
disl71antle 
ape 
Taking a computer apart is easy enough 
Boris Sedacca shows you how ... 

isman ling 
The screws of the PC's case are at the 
side panels (see Figure 1). 

Figure 1: Rear view of a PC case 

The case shown above is a midi tower 
case, with bags of room to work in. If 
you're working with a mini tower, you 
might find a flexible extension useful, as 
shown in Figure 2. 

36 
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Figure 2: Tools useful for dismantling PCs 

When you have unscrewed the side 
panels, the inside of the PC should look 
as in Figure 3. 

Figure 3: Inside of a PC case 

lv, 

There are many types of cases on the 
market. The motherboard complies with 
the specifications for the A TX system 
case. The board can support one floppy 
diskette drive and four enhanced IDE 
drives. Ensure that your case has suffi
cient power and space for all the drives 
that you intend to install. 

Most cases have a choice of I/O tem
plates in the rear panel. Make sure that 
the I/O template in the case matches the 
I/O ports installed on the rear edge of the 
motherboard. This motherboard has an 
ATX form-factor. 

The first component to unscrew is the 
power supply (top left in Figure 3). The 
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screws for this are usually located at the 
rear of the case, near the top of where the 
side panel screws were removed. 

Figure 4: Power supply 

You'll have to be particularly careful 
when removing the CPU, heat sink and 
fan assembly. Figure 5 shows a spring 
lever that releases the heat sink and fan. 

You will need a flat-head screwdriver for 
this - as you push down, you need to 
lever out the clip to release it. The fan has 
leads with a connector that plugs into a 
matching socket on the motherboard for 
supplying power. 

Figure 6: Heat sink and fan - outside the box 

Now you can see the CPU package sit
ting in its zero insertion force (ZIF) socket 
on the motherboard. This is an AMD 
Athlon. The big messy blob of white 
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thermal paste in Figure 7 almost covers 
the CPU chip. 

Figure 7: CPU in a ZIF socket with a visible 
white thermal paste 

The lever needs to be raised as shown in 
the photo below in order to release the 
CPU package. This particular socket is 
known as Socket A, or Socket 462 for the 
number of holes corresponding to the 
number of pins on the processor package. 
Note that there is a hole missing on two of 
the corners to make it impossible to fit the 
processor the wrong way around. 

Then you need to remove the AGP 
(Advanced Graphics Port) as well as other 
cards, including the AMR (Audio Modem 
Riser) and PCI (Peripheral Components 
Interconnect) cards. The motherboard has 
five 32-bit PCI expansion slots, one AGP 
slot and one AMR slot. 

Figure 9: AGP card 

DIY 

The AMR slot is an industry standard 
slot that allows for the installation of a 
special audio/modem riser card. Different 
territories have different regulations 
regarding the specifications of a modem 
card. You can purchase an AMR card that 
is approved in your area and install it 
directly into the AMR slot. 

The screw for each card is near the 
bottom of the case where the various card 
slots are located on the motherboard. 

Figure 10: AGP card outside the box 

Next, you need to remove the various 
drive cables, first from the motherboard 
sockets and then from the drives' 
sockets. This is not as easy as it looks, 
particularly where the socket has securing 
lugs, (see Figure 11) where the diskette 
cable goes into the motherboard socket. 
The motherboard has two sockets for a 
primary and secondary IDE channel inter
face (IDE1 and IDE2). 

Figure 11: The amazing 'maze' or drive cables 

With the drive cables removed, you 
should now see (from top to bottom) the 
CD drive, the diskette drive and the hard 
disk drive. There should be at least one 
mounting screw on each side of the CD 
drive to avoid vibration, and although 
some people mount the diskette and hard 
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DIY 

disk drives with only one single screw, 
this is not best practice. 

Figure 12: A 'top to bottom' view of the drives 

The CD drive will come out through the 
front bay of the case by first levering out 
the plastic bay cover with a screwdriver, 
while the other drives are removed from 
inside the case. 

Then you need to remove the memory 
from its slot - this should be easy because 
there are usually levers on both sides of any 
memory socket. There is also a notch or 
two that prevents you from putting memory 
back into a slot the wrong way around. The 
motherboard has two 168-pin DIMM slots 
for SDRAM memory modules and two 184-
pin DIMM slots for DDR memory modules. 

Figure 13: Drives and memory 

Finally, you need to disconnect all the 
remaining case leads from the sockets on 
the motherboard. Some features are 
implemented by cabling connectors on 
the motherboard to indicators and 
switches on the system case, and to the 
speaker (black/red cable). These include: 

• Hard Drive Activity LED 
• Power /Sleep/Message Waiting LED 

• Reset Switch 
• Power Switch 

38 --- - -

Provided it is supported by the mother
board (this one does), some cases may 
have optional front-panel USB ports as 
shown in Figure 14 with the dual white 
leads and/or front-panel audio sockets for 
microphone and headphone. 

The front panel microphone/speaker out 
header on the motherboard allows the 
user to connect a microphone and 
speakers or headphones from the front of 
a case, although this case does not pro
vide leads for it. 

Figure 15: Elite K7S5A motherboard 

At last you can remove the screws 
securing the motherboard to the case. 

The Elite K7S5A motherboard seen in 
Figure 15 has a Socket-A processor 
socket for the type of AMD K7 proces
sors. You can install anyone of these pro
cessors on the motherboard. The mother
board supports front-side bus speeds of 
200/266MHz. 

This motherboard uses the SiS 735 
chipset, which supports a 4x specification 
AGP slot for graphics display, DDR inter
face and Ultra DMA 33/66/100 function. 
The motherboard has a built-in AC97 
codec , provides an AMR slot to support 
audio and modem applications, and has a 
built-in 1 OBaseT/1 OOBaseTX network 
interface. 

In addition, the main board has an 
extended set of A TX I/O ports, including 
PS/2 keyboard and mouse ports, two 

USB ports, a parallel port and two serial 
ports. Two extra USB ports can be added 
using the Extended USB module that 
connects to the motherboard. The board 
is A TX size and has power connectors for 
an ATX power supply. 

Figure 16: The standoffs for mounting the 
motherboard 

Figure 16 shows the bare case with the 
standoffs required to mount the mother
board. Most cases have several screw 
holes for standoffs that correspond to the 
holes on the motherboard. 

That's it. You are now ready to work 
backwards and re-
assemble the PC. 
Next month we will 
show you how to 
put it back 
together. 
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THERE IS INTERESTING NEWS 

FFT ANALYSER VOLTMETER RECORDER 

The Handyscope 3 is a powerful and versatile two channel measuring 
instrument with an integrated function generator. 

M 
Vl 
I 
w 
a.. 
o 
U 
Vl 

b 

o USB 2.0 connection (USB 1.1 compatible) 
o sample speed up to 100 MHz per channel 
08 to 16 bit resolution (6 ~Volt resolution) 
o 50 M Hz bandwidth 
o input sensitivity from 200 mVolt up to 80 Volt 
o large memory up to I 3 1060 samples per channel 
o four integrated measuring devices 
o spectrum analyser with a dynamic range of 95 dB 
o fast transient recorder up to 10kHz 
o several trigger features 
o auto start/stop triggering 
o auto disk function up to 1000 files 
o auto setup for amplitude axis and time base 
o auto trigger level and hysteresis setting 
o cursor measurements with 21 read-outs 
o very extensive function generator (AWG) 0-2 MHz, 0-12 Volt 
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for more information, demo software, software, source code and OLL's visit our internet page: http://www.tiepie.nl 

TlePle englneenng (NL) 

, • , 860 1 WL SNEEK 
• ;~.~. Koperslos:Jersstraa l 37 

I ,I .1' . The Nethe~ands 
--- Tel +3 1 5154 15416 

rox 131 5154188 19 

TiePie engineering (UK) 
28, Stephenson Road, St. Ives 

Cambridgeshire, PE17 3WJ, UK 
Tel : 01480-460028 

Fax: 01480-460340 

© Copyright 2002 Tie Pie engineering. All rights reseiYed. 
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Take advantage of the low Dollar! 
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SOURO: ~ 

PRETRIG ~r.:::J 

OSCILLOSCOPE 

Memory Depth 32KB/Ch 

Single Frequency DC to 30MHz (DSO-2100 USB) 

DC to SMHz (DSO-220 USB) 

Max Sampling Rate IOOMS/s (DSO-2100 USB) 

20MS/s (DSO-220 USB) 

Sample Rate Selection Yes 

Trace Display PointiLine 

Grid On/Off 

Vertical Mode CHI, CH2, Dual, ADD 

SPECTRUM ANALYZER 

2-channel, Fast-Fourier Transform, Range: OHz-50MHz (DSO-2100USB), OHz-IOMHz (DSO-220), 
Cursor: Frequency, Data Point: 32K/chan 

Unbeatable Price: DSO-2100 (30MHz): $350.00, DSO-220 (5MHz): $250.00 

ORDER VIA: www.pc-instruDlentDlart.biz 
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Gadgets 

Engineered for sports enthusiasts, the Rio Forge MP3 player incorporates ruggedness and durability 
required for Ilighly physical activities, bringing an end to music skips. 

The device includes sports clip earphones, a stopwatch, lap timer and a sports case with armband, so 
that the player won't get 'jogged' around as you do. 
Rio Forge comes with 512MB of memory, as well as an expansion memory slot that lets you add up 
to an addil:ional1 GB if you wish. With fast music-transfer abilities and a simple management 
system you wi II get an ease of use. Around £129 
www.rioaudio.com 

Sleek and sexy, the PSP 
is the first portable member 

of the PlayStation family, allowing 
you to play games, listen to music, watch videos etc, all from 
one compact machine. It features a 4.3/1, widescreen TFT 
LCD that displays on a 480 x 272 pixel high-resolution 
screen, and comes complete with a range of input/output 
connectors such as USB 2.0 and 802.11b Wireless LAN. 
Users can easily connect to the Internet and play online via a 
wireless network of up to 16 people. Expect a broad range of 
digital entertainment content to be distributed on Sony's new 
Universal Media Discs (UMD). This high-capacity optical 
disc is the next-generation compact storage meclia, and 
although only 60mm in diameter, it can store up to 1.8GB of 
digital data. Around £179 
www.yourpsp.com 

The first of its kind, the iPlayer+, brings together all 
aspects of digital television into one set-top box; 
including high-end functionality such as SMS ser
vices through your television, with Wi-Fi compatible 
video and audio streaming from portable or PC 
devices. With the optional Phantom+, the iPlayer + 
also becomes a personal video recorder. With multiple 
outputs in audio and video, the iPlayer can be used as 
a central hub for your entertainment centre, feeding 
directly to or from a standard PC and also offering 
future services such as video on demand. 
Around £89.99 
www.iplayer.co.uk 

With so many disc formats 
avai lable currently, many 
players won't accept them 
all. This is not the case 
with Mustek's PL510, 
which accepts 
DVD,DVD-R, 
DVD+R, 
DVD+RW, 
CD, CD-R 
and CD-RW, in addition to its 
SD/MMC card slot reader. 
This player offers all you could possibly want from portable 
entertainment, allowing you to watch video, listen to music, or even 
show off your holiday photographs on the flight home. Its design is 
great, with a sleek look, 10/1, colour, TFT LCD, widescreen display and 
compact carry-case. 
It has built-in stereo speakers, but if you can't sleep whilst the others 
doze off, you can plug in two sets of earphones to keep you entertained 
quietly. 
Around £250 
www.redstore.com 
www.3wisemonkeys.co.uk 
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Tips 'n' tricks 

PICmicro: microcontrolier CCP and ECCP 
~TIP 1: measuring the period of a square waue 
1: Configure control bits CCPxM3:CCPxMO (CCPxCON<3:0» 

to capture every rising edge of the waveform. 
2: Configure the Timer1 prescaler so Timer1 will run TMAX1 

without ovetilowing. 
3: Enable the CCP interrupt (CCPxIE bit). 
4: When a CCP interrupt occurs: 

a) Subtract saved captured time (t1) from captured 
time (t2) and store (use Timer1 interrupt flag as 
ovetilow indicator). 
b) Save captured time (t2). 
c) Clear Timer1 flag if set. 
The result obtained in 4a is the period (1). 

Note: TMAX is the maximum pulse period that will occur 

J 
t1 t2 

Figure 1: Period 

~TIP 2: measuring the period of a square waue 
with aueraging 

1: Configure control bits CCPxM3:CCPxMO (CCPxCON<3:0» 
to capture every 16th rising edge of the waveform. 

2: Configure the Timer1 prescaler so Timer1 will run 16 
TMAX1 without ovetilowing. 

3: Enable the CCP interrupt (CCPxIE bit). 
4: When a CCP interrupt occurs: 

a) Subtract saved captured time (t1) from captured 
time (t2) and store (use Timer1 interrupt flag as over
flow indicator). 
b) Save captured time (t2). 
c) Clear Timer1 flag if set. 
d) Shift value obtained in Step 4a right four times to 
divide by 16 - this result is the period (1). 

Note: TMAX is the maximum pulse period that will occur. 

The following are the advantages of this method as 
opposed to measuring the periods individually: 
• Fewer CCP interrupts to disrupt program flow 
• Averaging provides excellent noise immunity 

~TIP 3: measuring pulse-width 
1: Configure control bits CCPxM3:CCPxMO (CCPxCON<3:0» 

to capture every rising edge of the waveform. 
2: Configure Timer1 prescaler so that Timer1 will run WMAX 

without ovetilowing. 

3: Enable the CCP interrupt (CCPxIE bit). 
4: When CCP interrupt occurs, save the captured timer 

value (t1) and reconfigure control bits to capture every 
falling edge. 

5: When CCP interrupt occurs again, subtract saved value 
(t1) from current captured value (t2) - this result is the 
pulse-width (W). 

6: Reconfigure control bits to capture the next rising edge 
and start the process all over again (repeat steps 3 
through 6). 

~ TI P 4: measuring duty cycle 
The duty cycle of a waveform is the ratio between the 
width of a pulse (W) and the period (1). Acceleration sen
sors, for example, vary the duty cycle of their outputs 
based on the acceleration acting on a system. The CCP 
module, configured in capture mode, can be used to mea
sure the duty cycle of these types of sensors. 
Here's how: 
1: Configure control bits CCPxM3:CCPxMO (CCPxCON<3:0» 

to capture every rising edge of the waveform. 

~~~----------16xT------------~~~ 
I 

Figure 2: Duty cycle 

2: Configure Timer1 prescaler so that Timer1 will run 
(1 )without ovetilowing. 

3: Enable the CCP interrupt (CCPxIE bit). 
4: When CCP interrupt occurs, save the captured timer 

value (t1) and reconfigure control bits to capture every 
falling edge. 

Note: TMAX is the maximum pulse period that will occur. 

5: When the CCP interrupt occurs again, subtract saved 
value (t1) from current captured value (t2) - this result is 
the pulse width (W). 

...... r----w---+~ 
I 

~ 
t1 t2 

Figure 3: Pulse w idth 
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6: Reconfigure control bits to capture the next 
rising edge. 

7: When the CCP interrupts occurs subtract saved value 
(t1) from the current captured value (t3) - this is the 
period (T) of the waveform. 

8: Divide T by W - this result is the duty cycle. 
9: Repeat steps 4 through 8. 

Tips 'n' tricks 

.. ~---- T -------... 

w~ 

J 
t1 t2 t3 

Figure 4: Period measurement 

Win a PICkit2 flash Starter kit 
Electronics World is offering its 

P\C~\\, .. ~~\\ readers the chance to win a new Microchip 
S\3

f
\8

f 

PICkit 2 Flash Starter Kit. The new PICkit 2 
Flash Starter Kit enables engineers, students 
and anyone with an interest, to easily begin 
development and experimentation with PIC 
microcontrollers. The PICkit 2 follows the 
very successful PICkit 1 offering improved 
ease of use, faster programming and 
greater flexibility. 

The PICkit 2 Starter Kit connects to any per
sonal computer via full-speed USB 2.0, 
which allows firmware upgradeability, and 
requires no additional power supply for the 
programmer or target application board. 
The PICkit 2 comes with a set of easy-to

understand tutorials that allow users to learn at their own pace. In addition, the PICkit 2 can easily plug into devel
opment boards via In Circuit Serial Programming (ICSP) technology. 

The kit includes the programmer, USB cable, CDs and an 8/14/20-pin evaluation board. Initially, the programmer 
supports 33 different low pin count, Flash PIC microcontrollers. For additional information visit the Microchip Web 
site at www.rnicrochip.com/tools 

For the chance to win a PICkit 2, log onto www.microchip-comp.com/elecworldpickit2 
and enter your details into the online entry form 

--

microchip PICSTHRT Plus Programme Winners 
Antonio Conso/andi 

International Sound, Arlate di Calco, Italy 
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Robert Atkinson 
Atkinson Avionics Ltd, Dorset, UK 
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New 82 Spice V5 
Our hottest Spice ever 

New 82 Spice Version 5 has all the power and functions you expect from a 

professional Spice package, but without the high cost: 

• Real design flexibility with over 30,000 models, unlimited circuit size and a huge 

range of new virtual instruments 

• New Circuit Wizard saves time by auto-generating many designs for you 

• Sweep all parameters for any component and simulation type with the powerful 

new Scenario Editor 

• Live Circuit feature allows values to be adjusted while simulations are running, 

displaying the results in real time 

Professional standard Spice simulation for just £229 + VAT. Plus educational 

and multi-user licence discounts available and FREE comprehensive telephone 

technical support. Try the full version completely free for 30 days. 

www.spice-software.com 
Tel: 01603 872331 

Research House, Norwich Road, Eastgate 
Norwich. NR10 4HA. Fax: 01603 879010 
Email info@looking.co.uk @Research 



Good news on EMC? 
The article on the "New 
Harmonics Standard" by 
Muhamad Nazarudin (EW, 
August 05, p14) contains a 
mixture of good news and bad 
news for equipment 
designers. 

The good news is (quoting 
the article) that "the Class 0 
current waveform envelope 
requirement has now gone. 
The migration to Class A 
would mean a reduction on 
the (potentially significant) cost 
of complying with the stricter 
class D." 

In other words, the require
ment limits have been 
increased, allowing higher 
levels of current transients to 
become acceptable, relaxing 
the design requirements and 
allowing manufacturing costs 
to be reduced. 

The bad news is that the test 
requirements have become 
more complex, and the bulk of 
the article is devoted to a 
description of the additional 
measurements that need to be 
performed. The introduction of 
the New Harmonic Standard 
will inevitably lead to an 
increase in the cost of compli
ance testing. 

However, even the 'good 
news' has a sting in the tail. If 
equipment is released onto 
the market, which creates 
higher levels of current tran-

sients on the 50Hz supply, 
then, inexorably, over a period 
of time, the level of interfer
ence on the supply will rise. 
Everyone will suffer. 

Hence, the effect of intro
ducing the new compliance 
standard will be twofold: 
• The cost of verifying compli
ance will rise; 
• The quality of the 50Hz 
mains supply will deteriorate. 

This is not a development 
that can be greeted with a 
joyful welcome. 
Ian Darney 
Bristol 
UK 

The heat is on for all of us 
Those who suffer sleepless 
nights when the weather heats 
up should cast a thought to 
the welfare of valuable elec
trical and electronic compo
nents housed in tightly packed 
panels when seasonal temper
atures climb. 

The increased power of 
modern devices has naturally 
created greater heat dissipa
tion. At the same time real 
estate constraints have seen 
electrical panels becoming 
ever more densely populated. 
Given these trends, sharp 
rises in the ambient tempera
ture - even the UK's occa
sional heatwaves - could be 
enough to shorten the life
times of individual compo
nents or even provoke prema
ture failure. 

The need for better cooling 
regimes in electrical enclo-
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sures, VOl server and patch 
panels, electronic control 
boxes and the like has never 
been greater. Components 
such as relays, thermal over
loads and contactors need to 
be kept cool to ensure their 
continuous and reliable perfor
mance. Once confined only to 
clearly defined high power 
installations, forced cooled or 
refrigerated enclosures should 
now be considered for 
broader applications. 

While there are several solu
tions available to enclosure 
specifiers, calculating the 
thermal management require
ments of a panel can be con
fusing, but consulting an 
enclosure specialist early in 
the design process should 
help. 

Unfortunately, still all too 
often, the electrical or elec
tronic kit is stuffed into a box 
that is sourced at the final 
stage from the first available 
supplier. This is irresponsible 
and gives poor service to the 
end user, but it does go on. 

Perhaps, think of it this way, 
if one designed an ideal 
working environment for the 
electrical design team, it 
would be unlikely to be a 
greenhouse! 
Richard Beighton 
Swindon 
UK 

Mind your language 
As resellers, many businesses 
struggle to carve a definition 
for themselves in terms of their 
key differentiators against the 
competition. It seems to have 
become commonplace to 
label your business a 'value
add' reseller and one that 
'goes the extra mile', regard
less of what the offering is. But 
what does this really mean? 
Are you a simply a box shifter 
labelling yourself as something 
more or do you deliver true 
value add to your customers? 

Letters 

Much of this debate comes 
down to one big question -
what is value-add? Some 
would argue it is about service 
but that then leads to the next 
question: Does service still 
truly exist or is it dead? 
Communication trends have 
led many businesses away 
from the traditional 
phone/face-to-face route and 
more towards automated 
voice systems and helpdesks, 
email and online communica
tion. Such communication has 
come under severe scrutiny 
over the last couple of years 
and businesses are beginning 
to wise up to the notion that 
people like to deal with 
people. 

The perception of value 
against cost and risk differs 
from one organisation to the 
next but I argue that, either 
way, businesses need to 
decide where they fit into the 
value-add definition and focus 
on their real USPs. Perhaps 
true value-add is about recog
nising your business' 
strengths and focusing on 
these rather than branding 
yourself with the age-old 
value-add badge? There's 
food for thought. 
Phillip Coombes 
Crowthorne 
UK 

Please send your 
leHers to: 

"Electronics World" 
Nexus Media Ccrnmunicatiorls, 
Media House, Azalea Drive, 
Sw anley, Kent BR8 8HU 

e-mail: 
evvIetterS@nexusmedia.com 
using the heading 'Letters' 

Electronics World reserves the right to 
edit all correspondence. 
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FOR HORIZONTAL 1911 RACK MOUNTING 
WITH DIGITAL METER 

New for 2005 is the Olson Electronics lI;tflffeteF range with 
20A rated digital ammeters in a 1 gil 1.5U high panel 

allowing you to monitor how many amps you are using 
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By Mike Brookes 

S
ummer is with us 
and with the holiday 
mood nothing much 
in the short-range 
devices (SRD) world 

is happening - or is it? 
Over the past few months, 

we have been exhorting the 
SRD industry to consider the 
future seriously in an atmo
sphere of spectrum pricing 
and rapid developments in this 
technology. 

Regulators (radio administra
tions) have a real problem. They 
are under tremendous pressure 
to lease/sell any spectrum that 
becomes available, for example 
through technological 
advances, while the fastest 
growing sector in communica
tions is that of the SRDs, which, 
historically, has enjoyed licence 
(cost) free secondary occupa
tion of radio spectrum. 

This is a great scenario for 
the SRD industry, but a real 
poser for administrations who 
cannot see any revenue ben
efit from allowing SRDs access 
to more spectrum than now. 
Thus, the pressure is on for 
industry to make the most 
effective use of currently avail
able spectrum through reduc
tion of "application specific" 
spectral bands, with the use of 
ever more intelligent radio 
cilipsets that can 'hunt' for 

Wireless column 

Vive lindifference 
interference-free bands. 

While this might sound a 
great idea - a move towards 
'generic' use of spectrum, cer
tain sectors such as in social 
alarms, fire alarms and medical 
users will throw up their hands 
in horror at the thought of 
other SRD users moving into 
"their bands". 

Strenuous requests for' pro
tected spectrum' are likely to be 
met with cynicism. There are 
too many examples where, for 
the best possible reasons, 
spectrum has been allocated on 
an exclusive basis and the 
market has responded -
ungratefully - by no take-up. 

ERMES was to be used for 
wide area paging. What actu
ally happened was that one or 
two EU states implemented it, 
but the vast majority didn't
thus making a nonsense of the 
"trumpeting" . 

The reason for its general 
failure was that technology 
moved on and the massive 
uptake of mobile phones effec
tively made ERMES redun
dant. Now, radio administra
tions are very wary about dedi
cating any spectrum to an 
application, preferring instead 
to provide a "highway", which 
users get on to according to 
their requirements. 

II Regulators have long memories and will be very 
cautious in creating future 'ERMES' " 

The ERMES band, recently re
designated, is a classical 
example. There was much 'egg 
on the face' of regulators who 
considered that they were doing 
the industry a service, only to 
find that their 'gift horse' was 
truly looked in the mouth and 
rejected. Regulators have long 
memories and will be very cau
tious in creating future 'ERMES'. 

This was the first band ever 
deSignated under the auspices 
of EU frequency harmonisation 
and hailed as a triumph of the 
new cooperative policies being 
adopted to bring European use 
of radio spectrum together. 

For several months, through 
Electronics World magazine, we 
have been exhorting the 
industry to make positive moves 
in identifying new areas of spec
trum that would be attractive for 
SRD applications - in a generic 
sense. We have pointed out that 
the European situation is very 
different to that appertaining in 
the US, where there is no his
tory of varying spectral use by 
disparate States and that as a 
consequence, allocation of 
20MHz sectors to SRDs is a 
non-starter. 

At the time of publication of 
this article, the clamour of SRD 

manufacturers eager to state 
their claims on spectrum for 
the future has been a resound
ing silence. The ECC Working 
Group (Frequency Management) 
Project team FM 43 is due to 
make its critical report on the 
'Strategy for the Future of 
SRDs in Europe ' by the end of 
2005. The final report, which 
will determine the future policy 
within the European Union for 
the development of the SRD 
industry, will be presented in 
early 2006. Radio administra
tions are hard at work ensuring 
that the strategy is comfortable 
for them. 

So far, the industry has not 
responded with equal enthu
siasm. It is summer and most 
thoughts are on beaches and 
bars. Unfortunately -like a 
tsunami - unawareness is no 
guarantee of escape from the 
consequences. 

Contact from any company 
involved in the SRD industry -
as a manufacturer or user is 
welcomed. Please contact 
Electronics World magazine or 
the Low Power Radio 
Association (LPRA) at 
info@lpra.com 

The LPRA (Low Power Radio 
Association) is a European trade 
body that represents manufac
turers and users of short range 
devices (SRDs) 

It is active in the production of SRD 
Radio standards and regulations. 

Mike Brookes is lPR,A,'s c hairman. 

Wireless Software Solutions 
Firmware revision 2.1 

If Bluetooth, 802.11 , Zig bee, UWB etc don't 
suit your wireless application - "easy-Radio" will. 

ER modules are embedded with all the wireless software 
you will need to achieve a short range wireless link over 
several hundred metres at speeds up to 19.2K over air. Jan 05 

Designed and manufactured 
in the UK by LPRS Limited, 
Witney, OX28 4BH 
Tel: 01993 709418 
Emai l: info@lprs.co.uk 

New robust software ensures stability of user selected frequency, 
data rates and output power, configurable via Windows based software. 

Go to our website to order an evaluation/programming kit and use 
our online calculator to see how time is saved and revenue returned faster 

with "easy-Radio" software solutions. www.easy-radio.com/ew1 
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Circuit Ideas 

Nearly ideal parallel resonant circuit -
computer controlled 
Well known formulae for 

resonant frequency fr 
and quality factor Q of the 
classical resonant circuit RLC 
are: 

1 

f' =2n~LC (1 ) 

and 

Q=RJi (2) 

If both of them, elements L 
and C are tuned in such a way 
that their product is changed 
but their quotient is constant, 
the resonant frequency will 
change but the Q factor will 
remain constant. This inter
esting case cannot be used in 
RLC techniques but can be 
applied to resonant parallel cir
cuit consisting of FDN R* ele
ment D and resistor R4. In 
Figure 1, Bruton [1] FDNR cir
cuit (inside the dashed line), 
the resistor R4 and coupling 
capacitor Cc are shown. At the 
bottom of Figure 1 is shown a 
digital interface that controls 
this resonant circuit by parallel 
port of the PC computer. 

Equations 1 and 2, [2] for the 
circuit from Figure1 , can be 
written as: 

f· (3) 

and 

Q = w,D = ~ D (4) 
Cp R4 

where coefficient Dis: 

D = C lCzRlR3 

R2 
(5) 

Equations 3 and 4 are similar 
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Figure 1: Scheme of the paralle l resonant c ircuit w ith the digita l interface 

to 1 and 2. To tune the reso
nant frequency without the 
influence on the Q-factor the 
resistor R4 must be simultane
ously changed with the coeffi
cient D, which can be done by 
changing the resistors R4 and 
R3· We assumed that R4 = R3 

and they are both simultane
ously changed. 

Parasitic capacitance Cp, 

which is included in Equation 4, 
appears at the input terminals 
of the FDNR circuit due to 
losses of the capacitors C1 and 
C2 and owing to the product of 

gain and bandwidth of the 
operational amplifiers. Since 
the value of capacitance Cp 
changes with frequency and its 
sign becomes negative at the 
high frequency region, there is 
a need to add a positive and a 
negative capacitance to com-
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Circuit Ideas 

I 

R3 = R4 = 400 0 

Rs = 4,6 k.O 

f, = 38730 Hz 
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Figure 2: Some measured transfer characteristics of the circuit 

pensate the changes of Cpo 
Resistor R5 proposed by 
Senani [3] gives the negative 
capacitance Cad' Resistor R5 
proposed by Senani gives the 
negative capacitance Cn. 
Finally, the quality factor 0 is 
described as Equation 6: 

Capacitance Ce should also 
be added to the other capaci
tances, which exist in the 
denominator of Equation 6, if 
the circuit is excited from a 
source with a small output 
resistance. 

By matching the values of 
the resistances Rad and Rn, 
the sum of the capacitances 
Cp+Cad+Cn can be set to 
zero. Then if R1=R2 and 

C1 =C2 = Ci, the O-factor is 
o = C/Ce and, for example, if 
Ci=1 OnF, Ce=1 nF and 0=10 
then the output voltage 
equals the input voltage 
(200mV), but the O-factor cal
culated without the capaci
tance Ce tends to infinity as in 
an ideal resonant circuit. 

At the end, three or four resis
tors are needed to tune this cir
cuit. They are: R3 and R4, for 
changing the resonant fre
quency with a constant quality 
factor, R6 for the decreasing 0 
value at high frequency region, 
and R5 for increasing the 0 
value to keep a constant value 
of the 0 factor elsewhere. 
These resistors can be substi
tuted by two double digital 
potentiometers, controlled from 
the parallel port of the PC com
puter or microcomputer. Eight 
bit double potentiometers OS 
1267 (50kQ) are controlled by 
three digital signals: control 

signal RST, clock ClK and data 
DO, which can be realised by a 
simple computer program. 

Measured transfer character
istics of this circuit are shown 
in Figure 2. Resistor R6 was 
not used in this case. 
Application of it is recom
mended when the circuit is 
working near an unstable 
region of a frequency, for 

Note: 

example near 100kHz. 

Lech Tomawski and 
Marcin G6rnicki 
Institute of Physics 
University of Silesia 
Katowice, Poland 

*FDNR, Frequency Dependant Negative Resistance; 
Z(S)=1/S2; D [AS2/V] 
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