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The leaders in PIC development

+ All you need to get started with PIC
+ Industry standard/quality board
+ Open the box and get coding
+ Available with C compiler or_
use our PicScript to write programs using
simple commands...
NO ASSEMBLER,
NO COMPILER,
JUST WRITE AND RUN
AUTOMATION
- SCRIPTABILITY
PicDev Board with PicScript PicDev Board with C Compiler
£99.00 (plus p+p) £1 65.00 (plus p+p)
This is a complete development suite This is a complete development suite for
for the novice or non programmer. the more advanced programmer.
It is shipped with: It is shipped with:
« PicDev Board « PicDev Board
« PicShell and PicScript software - PicShell and PicScript software
«  Breakout board « C compiler
« Cables « Breakout board
« Example scripts « (Cables
- Example scripts
. ICD1
Both items require To order:

o PC with senal port available
e Power supply adapter

www.pagm.co.uk

sales@pagm.co.uk Tel: +44 (0)1792 891927
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External sensors: Humidity

® Low costw=under £60 Temperature

@ Built in sensors for light, temperature and sound 02 In Air
(level and waveforms) Reed Switch

@® Use DrDAQ to capture\fast signals

@ Outputs for control expenments

@ Supplied with both PlcoScope (oscilloscope) and

PicoLog (data logging) software

For more information on DrDAQ, please visit:

www.picotech.com/drdaqg10i1

PC Osillosco

® Scope and spectrum analyser functions
L _Js ® A fraction of'the cost‘of benchtop scope
W il ® Save multiple setups, for ease of use

=====u0| @ Save, print and/e-mailiyour traces @
® FREE technical support for: life
® FREE software and upgrades
® Automated measurements

Cuen==' pprz
Virtual Instrument

1C

Technology Limit

For more information on our scopes, please visit:

www.picotech.com/scope191

Tel: 01480 396395 Fax* 01480 2096296 E-mail: eales@nicotech com



Affordable, Professional

ARM7 C/C++ Development! _

Everything required for LPC2000 Philips ARM7 development
in a single, upgradeable kit.

¥ Industry standard Keil uVISION3 IDE, C/C++ compiler and simulator

¥ Full Simulation of LPC2000 with peripheral & interrupt support

¥ Fully assembled LPC2129 board

& 16k RAM, 256k FLASH on board

“ Dual CAN and RS232 interfaces

¥ JTAG and ETM trace debug interfaces

¥ Example program library ol RIESTE S =

&S]

uLINK USB-ITAG interface (optional)

Basic 16k code development kits from £75 +VAT
Full 16k development kit with JTAG-USB debugger £249+VAT
(Academic price just £149+VATI)

For full details see www.hitex.ﬁo.uk/arm
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Micro Web Server for
Internet and Intranet

NRLE
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Our incredibly popular MSC1210 microcontroller board (also known available free o Z
as ‘Precision Measurement Central’) now provides network and DM G ebsite

Internet connectivity, allowing the processor to publish its own data

the user to enter, via the Internet, temperature limiis and an email 0 e Reade
alarm address. The Micro Web Server can also switch network ports ectio B

from an Internet-connected PC, literally anywhere on the globe.

Now available:

e MSC1210 board (assembled and tested) £ 69.00 (US$112.50) i

* Network extension (assembled and tested) £ 41.95 (US$ 73.95) Sl 0} 1580

* Combined package (incl. all related ax +44 (0) 1580 200 616
Elektor Electronics articles on diskette) £103.50 (US$184.95)

pages onto the web. The article describes a temperature logger allowing Order no g the Orde
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All new this September

Sure, every issue of Elekior Elecironics contains new articles, else it would not be worth buying or subscribing fo,
would it However, while planning the contents of this Sepiember 2004 issue, producing tﬁe copy and finally seleciing
the articles and regular items that would fit the 70-odd editorial pages o fill, if siruck me that ‘new’ may also have o
deeper meaning. Apart from the ‘Beefy-T" 300-wait audio amp tEai goes back to June 2004, this month’s issue shows
a lot of nerve and innovation, two characteristics we know are highly valued by our readers. To kick off, the news item
on Wireless USB and the technical backgrounder on the USB Embedded Host Controller contain pioneerin

et authoritative information we received from our friends at semiconductor giant Cypress. Elektor Electronics was the
irst electronics magazine to uncover and employ USB for circuits you can actually build at home, and massive suc-
cesses they were with PCB sales in the k range. Now we claim ihe same for Bluetooth, a wireless interface standard
that's taking the PC world by storm but so far remained well out of reach of most of you when it came to microcon-
troller connectivity. Ready-made ‘FlexiPanel’ modules with an on-board Bluetooth radio are remarkably easy io pro-
gram and fo cap it all theyre available from our advertiser Milford Instruments.
Quizz’away is a premiere for those of you who like thought-siimulating riddles and puzzles hopefully pushing the
limits of your theoretical knowledge of electronics. We coaxed one of our long-standing and widely respecied external
authors, professor Martin Ohsmann, info supplying a batch of notioo-easy questions for you io solve, and maybe win
a prize, too! Slightly less ambitious (no prizes, just fun and learning from your mistakes), is Andy’s Quest you can
play on our website.
Back to printed paper, Rolling Dice is another first, not only because the finished project will actually roll before it
shows the number (and drop off the table if you're over enthusiastic), but also because of the phoio story illusirating the
3-D consiruciion.

It will be hard to overlook this month’s focus on Microcontrollers, with one aricle covering Trends and another a
basic Buyers Guide fogether with « Manufacturer Overview. True to our principles we add practice to theory
by publishing Jim Spence’s fantastic Swiss Army Knife, a microconiroller projeci so adaptable and easy fo use it
can only be compared to the renowned tool from Victorinox (mine was recenily confiscated by airport customs
because | forgot to remove it from my hand luggage).

Bogus Parts in electronics covers a subject you will, I'm sure, care to know about rather than see the actual ‘first per-
formance’ in front of you and suffer the consequences.
The diverse content and length of some of the main articles in this issue resulted in all design ideas prepared for ihe
popular ‘start here” section to be held over fill next month. The October issue will contain an exira large helping of
these — it's a promise.

Jan Buifing, Editor

Subscriptions
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news & new products

Wireless USB

Thomas Biel

Conventional USB has certainly
become an indispensable fea-
ture of everybody’s desk. It is
used fo connect scanners, cam-
eras, hard disks, sound systems
and webcams afier the initial
installation, and the PC or lap-
top can remain switched on
while the cables are connected
or disconnecied. This is nafu-
rally all very convenient, but the
drawback is the large number
of cables attached to the sys-
tem. The backs of many desks
have come to resemble cable
cabinets.

This could all be remedied by a
new standard for wireless USB
devices. In the same way that
wireless LAN replaces LAN
cables, wireless USB is intended
to replace USB cable connec-
tions in the future (see Fig-
ure 1). Under the leadership of
Intel, interested manufaciurers
have formed the Wireless USB
Promoter Group fo develop a
common standard for wireless
USB devices. This involves devel
oping o radio technology that
provides relicble data transmis-
sion af high data rates over short
distances among devices such
as home entertainment equip-

ment, PC peripherals and mobile
devices. For example, it could
be used to fransfer mullimedia
content without any cables or
siream high-resolution video
data from a digital video
recorder fo a television set in the
living room.

According fo Infel, wireless USB
(WUSB) is intended fo be fully
compafible with the USB 2.0
standard. Among other things,
this means a data fransmission
rate of up to 480 Mbit/s, as
well as driver standards and
device infrasiructures that com-
ply with the USB 2.0 specifica-
tion from USB.org.

The targeted working range is
10 metres, in order to comply
with the device power consump-
tion requirements defined by
USB.org. Intel believes that
development of commercial
products using wireless USB will
be possible as early as 2005.
This is intended to be assisted
by support from various indus-
iry organisations in the wireless
data  communicafion and
mobile telecommunication
indusiries, such as the Mulii-
band OFDM Alliance [MBOA),
the WiMedia Alliance and the
previously menfioned Wireless
USB Promoter Group.

=P o serie

Figure 1. Topography of the WUSB standard promoted by Intel.

Something completely different
and significantly more concrete
is a fechnology that Cypress
has been promoting since late
2002 under the name Wire-
lessUSB™". The Cypress Wire-
lessUSB™ technology differs
from the standard being pro-
moied by Iniel in the data trans-
mission rate, the frequency band
that is used, ond above all in the
intended application area. The
maximum daio fransmission rale
is only 62.5 kbit/s. This very
low data rate [even relative to
USB 1.0) is fully adequate for
applications such as alarm sys-
tems, PC mice, keyboards,
gamepads, joysticks, household
appliances, pagers, regulation
and control unifs, inventory man-
agement, insirumeniation and
the like. The designation “Wire-
lessUSB’ thus does not refer to
ihe data rate, but instead to the
fact that the connecfion at the PC
end is made via the USB port. A
wireless USB transponder using
a Cypress IC is simply plugged
info a USB port, just like the
familiar Blueiooth USB adapter
(which also has a higher data
rate of up to 723 kbit/s).
Cypress cites the following
advantages of their approach
compared with Bluetooth: shorter
lotency (the time required for a

conneclion fo be established -
less than 8 ms for WirelessUSB,
versus as much as 2 s for Blve
tooth), lower hardware complex-
ity, lower cost, and no need for
an exira driver (with operafing
sysiems having USB suppori).
Like Bluetooth USB adapters, the
wireless USB components from
Cypress are available in two
working range versions: ‘LS’ for
ranges of a few mefres and ‘LR’
for ranges up to 50 metres.

The Cypress wireless USB family
is already in production (since
2003). It uses the 2.4-GHz
band, which is available for use
without licensing in most coun-
iries, while the frequency range
preferred by Intel and the
MBOA (3.1-10.6 GHz] can be
expeded to encounter pmb|em5

with licensing, as it is often used

for military purposes in Europe.

Cypress offers a variety of ICs
and development kits for
users of the WirelessUSB family.
At least two units communicating
wirelessly with each other are
always required for product
development. The basic architec-
iure of the IC is shown in Fig-
ure 2, using the CYWUSB6934
as an example. A developer's kit
is available for this fype and sev-
eral other fypes. Siricily speak-
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Trends in Microcontrollers

Nearly every single week a new product appears on the
market. Choosing the right microcontroller for a particu-
lar design is becoming increasingly difficult. Reason
enough to appraise the latest deve|opment5.

Informative Articles

'S
—"'b
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Swiss Army Knife

In this extensive article Jim Spence proves that an ultra-
versatile microconiroller board can be built and pro-
grammed even by relative newcomers. Included is some
very special (free) sofiware that enables even the most
code shy among you to make the controller do some-
thing. There are two alternatives to communicating with
the circuit: USB 2.0 or R$232.

Regulars
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Rolling Dice

Different designs and shapes of elec-
tronic dice have found their way into

this magazine, but one thing they had

in common: they were all two-dimen-
sional dice. But now that is about fo
change!

Bluetooth
Remote Control

Bluetooth is a huge commercial suc-
cess but so far hobbyists and lab
workers have been barred from
access to ready-made modules for
this wonderful new medium. That's
about to overturned by this article,
written using the motto: Bluetooth

modules for everyone! A tracking
robot does the trick.

Construction Projects

22 Swiss Army Knife
34  Rolling Dice

48  Bluetooth Remote Control

40 kitchen table:

Bike Tail Light with Standlight
70 Clarily 2 x 300 W. Class-T Amplifier (2)

Electronic Paris

In recent years, even electronic com-
ponents are being copied. From the
outside these parts are indistinguish-
able from the original, but on the
inside they are pure fake. This can
have nasty consequences when you
solder one in your circuit!

Participate
and win!
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Juno - LPA Module

Figure 5. The WirelessUSB module made by OEM manufaciurer
Unigen has a range of more than 1 km.

ing, each of the ICs in the
CYWUSB69xx family is just an
integrated RF data transmitter or
fransmifier/receiver (fransceiver)
with an SPI interface, which
makes it a sort of SPI/RF inter-
face ([SPIRF bridge). The
CYWUSB6934 is a iransceiver
of ihis sort with an SPl interface.
The only difference betwzsen the
CYWUSB6932 transmitter |C
and the CYWUSB4934 trans-
ceiver IC is that the receiver por-
tion with the RF input (RFIN),
shown outlined in Figure 2, is
omitted in the transmiter IC. The
CYWUSB6932 is thus suitable
for upp!icu[’ions such as a wire-
less mouse (Figure 3), where it
is only necessary to transmit
dafa and the receiver channel is
unnecessary. Figure 4 shows a
fypical block diagram of the cir-
cuit at the USB host end (PC
end). In this case it is naturally
necessary to have a receiver
chonnel, which is provided here
by the CYWUSB6934 acting as
a WUSB transceiver for bidirec-
tional communication. The sec-
ond IC in this circuit is a Cypress
enCoRe USB coniroller, which
provides the USB link to the PC.
This combination works without
any special driver and utilises
the Microsoft USB HID class. |t
supports up to six peripheral

9/2004 - elektor electronics

devices and offers several differ-
ent error correction methods
(FEC, CRC and ARQ), as well as
128-bit encrypiion. The circuit
does not require any external
chokes, and the anienna is
implemented in the transceiver
IC. The ICs comply with the USB
power saving standards, and all
ICs in the Cypress WirelessUSB
family are optimised for opero-
tion wusing disposable or
rechargeable batteries

(2.4-3.6 V).

During this year, Atmel will
become the second 1C manu-
facturer to produce and supply
WirelessUSB™ [Cs. A correspon-
ding licensing agreement with
Cypress was announced in late
June. WirelessUSB is also being
supported by OEM manufacturer
Unigen, which staried produc-
ing low-cost modules using
Cypress WirelessUSB compo-
nents in June. The first deliver-
able product is a transceiver
module called ‘Juno LPA" [Fig-
ure 5). The Juno LPA module
supports separate fransmit and
receive antennas and has a sup-
plementary RF output stage for
an increased range of more
than 1000 m.
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Figure 2. Block diagram of a Cypress WirelessUSB
transceiver IC.
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Figure 3. Basic schematic diagram of a wireless optical mouse
with a WirelessUSB iransmiiter.
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Figure 4. Basic schematic diagram of a WirelessUSB transceiver
with a USB host link.

Web pointers

WUSB (Intel)
www.intel.com/update/depariments/wireless/wi02041.pdf
www.intel.com/labs/wusb

WirelessUSB™ (Cypress)
waww.cypress.com/producis/datasheet.cim@parinum=CYWUSB6934
www.deviceforge.com/articles/AT9015145687 himl
www.eslimes.com/design_library/OEG2003103150054
wwew.unigen.com/product/wireless_overview.cfm



TREND

Christian Tavernier

The number of different
microcontrollers on offer just
keeps on growing. Nearly every
single week a new product
appears on the market. Choosing
the right microcontroller for a
particular design is becoming
increasingly more difficult.
Reason enough to appraise the
latest developments.
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The microconiroller market is mostly dominated by a few
‘heavyweights’ such as Microchip, Atmel and, fo a lesser
extend, Philips. In addition, there are many smaller manu-
facturers who make very interesting developments in fhis
area. There are also a number of manufacturers who are
not at all that well' known for their microconiroller prod-
ucis, and are often forgetien
as a consequence. Names
that come o mind are
Toshiba with its TMP86xxx-
tamily, and Zilog, the invenior
‘of the famous Z80, who now
offers the Z8 Encorel and
eZ80 families. Also don't for-
get:Dallas Semiconductor _
with its DSB9C420, Cypress with ifs PsoC (Programma-
ble System-on-Chip) such as the CY8C27x, or the, uniil
recently, completely unknown company Cygnal with ifs
C805/] xxx. ' e
The majority of these products, how

r smaller?
“obvious frend is that the micro-
controllers are becoming increasingly
more powerful: more memory, more
inputs and oulputs, more infegraied
peripherals, etc. A lesserknown
development is currently in
progress af the bottom end of the
market, both af Microchip, and; to
a smaller extend, at Atmel:
For example, Microchip developed
the 12Fxxx from the 12Cxxx. The
different letter indicates an imporiant
difference: the 12C is an OIP (Gne
Time Programmable) device, while the
12F is providediwith Flash memory,
which can be elecironically programmed
and erased a few thousandfimes.
These chips are available in either 8-or 14-
pin packages and are mainly intended for low
cost applications where until a few years ago
microcontrollers were avoided because of iheir size
or cost. Faithful Elekior Electronics readers will know the
12€508 (Figure 1), ihe first member of this family. But
let us firstitake a look af the 12629, which, in ifs 8-pin
package has the following fo offer: 1"k Flash program
memory, an EEPROM 128 bytes in size, 64 bytes of
RAM, & 1/@ ines, an 8-bit and a 16-bit progrommable

§/2004 - elekior elecironics

ONTROLLERS

16-bit devices
appear to be old hat

AN ABUNDANCE
OF CHOICE

timer. IFall of this is not'enough, the 12F675 may be
more appropriate. Incidentally, the numbering scheme
escapes us. This one is identical fo the 629, but in'addi-
tion provides a'10:bit, 4channel ADC. These ICs operate
from an internal RC clock source up fo 4 MHz or from an
external crystal'up to 20 MHz. _ _
Aimel hasn't been sitfing idle

in this area either, and has the

s are becoming more common
ochip hos decided fo offer the
ly the radio frequency PIC. This one is part of
amily that we discussed just before. In'a
package, the rfPIC contains, in/addition to the
microconfroller, a complete circuit for an ASK- or FSK-
transmitier. (Amplifude or Frequency Shift Keying). Also
provided, fo ensure a stable frequency, a VEO (Voliage
Conirolled Oscillator) and a PLL (Phase Locked Loop),
based on the crystal frequency. of the circuit.
The basic version, the ri12€509 comprises a 12C€509
and a builkin fransmitter. But for the creative among us
the rf12F675 is much more interesfing. This is, after all,
the aforementioned 12F675 with the radio added.
Applying these controllers is very simple, asiis illusirated
by Figure 2.

Trends

Beside the usual increase of on-chip, infegrated memory,
the last few: years show two more main areas of micro-
coniroller development.

The first concerns the operating speed: Although count
less circuits are sfill provided with a 4MHz crystal, the
product catalogues from the Microchip, Atmel and
Moiorola are full with ICs that will function af 16/or

20 MHz. Note that it is not that siraighiforward fo just
compare clock speeds. An ATmegal28 from Atmel oper-
afes on a clock frequency of ‘only’ 16 MHz, but executes
nearly all instructions in a single clock cycle. On the
other hand, an'ME2S12D from the HES12 family from
Motorola runs at 25 MHz but requires multiple clock
cycles per insiruciion.

The second ' main irend concerns the specialisation of the
infernal peripherals. The UART and SPliinterfaces have
been commoniin the higherend microcontrollers from
most manufaciurers for many years. Bul now/more spe-
cialised interfaces are being added! Viriually all manu-

11



Figure 1. A window
through which the

i memory is erased
| with ultraviolet
radiation. This

image will soon be
condemned fo the
pastas o

consequence of the

rise of Flash

memory.

| Figure 2. The RF
| part inan rfPIC is
I easy fo use.

12

facturers support the 12C bus. Sometimes the interface
operates only in the simplest slave mode, but more often
than not, in master mode as well. The USB (Universal Ser-
ial Bus) interface, popular because of the PC-market, is
quickly making ifs
eniry into the
microcontroller
world. Microchip
has the 16C745,
the 765 and the
future 18F2455;
255, eic. Aimel
offers the AT91RM3400 and even Motorola has adapted
a version of the old 6805, such as the 68HC705JBx.

cs
T

The use of microcontrollers in cars is
becoming increasingly important

ARM

On our whirlwind tour of the microcontroller world we
cannot ignore the products from ARM. Although ARM,
strictly speaking, doesn’t actually manufacture microcon-
trollers, it has provided for many years the 32-bit cores
that well known manufacturers such as AMI, Atmel, Cir-
rus, Philips, Samsung, STMicroelecironics, Texas Instru-
menis and even Iniel happily use in their own products.
We get the impression that this concerns an important
development. Why worry about developing your own
32-bit microcontroller when an indusiry-accepted core
already exists2 The need for increasingly advanced prod-
ucts, which, at the same time, are still easy to mainiain
and use, inevitably influences the intelligence of each sys-
tem: the microcontroller. The need for an everincreasing
number of functions translates into a fransition from the
fraditional 4- or 8-bit conirollers to 32-bits. It seems that
progress has skipped over the 16-bit versions, because
32-bit offers a much higher performance and unequalled

Hexibility.

Applications

Especially in cars, the use of microcontrollers is becoming
increasingly important. This has resulted in manufaciurers
not only integrating CAN-bus controllers on their chips
but the microconirollers themselves are becoming more
advanced. This is the case, for example, with the
18F2332 from Microchip, which can operaie at

40 MHz. The same is true for the MC68HC908MRx from
Motorola.

Even in this ocean
of digital chips, the
analogue world
has not been for-
gotien. These days,
all manufacturers
have ICs in their
product catalogues
with advanced analogue/digital-converters. An example
is the ATmega128 from Atmel. i contains a 10-bit, 8-
channel model, which operates in normal mode (single
ended) as an 8channel converter. 7-channel differential
mode is also possible and 2 channels are provided with
an integrated programmable amplifier (1 1o 200 fimes).
For many applications there is no longer the need to
resort to an external converter.

The addition of internal peripherals has no negative
impact on the amount of memory. On the contrary, the
betierendowed ICs offen contain memories of amazing
size. Table 1 provides an overview of the three ‘largest’
presently available microcontrollers from Microchip (the
18Cxxx-family), from Atmel (the ATmega-family) and from
Motorola (the HCS12-family). Conspicuous in this table is
the MCS12H256B from Motorola (Figure 3) with the
overwhelming 99 parallel I/O-ines and 256K-Flash
memory. This is quite a bit different than the 68705P3
with 20 |/O-lines and 1.6K-memory.

Phoenix
You know, the mythical bird that rose from its own ashes.
There is a microcontroller that we certainly have to give

some attention despite the fact that we're now in the sec-
ond half of 2004: the 8051. Even though this microcon-
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troller, in its basic form, first appeared on the market at
the end of the 80, it is still the basis for many new
developments.

Despite its respectable age, the 8051 has survived
thanks not only fo the addition of new internal peripher-
als and expansions to the program memory, but also
additional features that used o be considered impossible
(such as in<ircuitprogramming, discussed further on in
this article).

If the 8051 assembler doesn’t hold any secreis for you
any more, then you should iake a look af the AT8Pxxx
family from Atmel. All ICs in this family were developed
from the 8051, but have in<ircuit-programming, new
internal peripherals and expanded program memories.
It you find that these ICs are a litile too “‘well-done’ then
maybe the new Philips family PBPLPC00 has something
to offer you. If this name doesn’t mean anything fo you
then you should dive into your Elekior Elecironics archive
for the October and November 2003 issues in which this
IC was discussed extensively.

Programs and development tools

Initially, that is to say, when a microcontroller barely con-
tained 1 or 2 kB of memory, programming in assembler
was the only real option. The available memory would
easily have been filled with a few lines of a higher pro-
gramming language, because a single line usually results
in numerous lines of assembly language as a result of the
‘expansion urge’ of the compiler.

The assembler is still an indispensable tool if we want to
create a genuine real-ime program or if we want fo
obfain the greafest possible performance out of the micro-
coniroller. But these days, the preference is to use a

ri
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higher programming language. Most programmers now
select either BASIC or C in preference to assembly.

There are now C compilers for all microcontroller fami-
lies. This varies from the quite pricey producis such as the

Table 1. Main specs of three modern controllers from Atmel, Microchip and Motorola.

'Parameter ATmega128 (Atmel) 18F8720 (Microchip) | MC9512H256 (Motorola)
"Flosh program memory 128 K 128 K 256 K

EEPROM data memory 4K 1K 4K i
| RAM memory 4K 3.8K : 12K i
8-bit fimers [ 2 | 2 " 0 :
| 16-bit fimers 2 I 3 1

Caplure and compare timers 4 | 8

PWM channels 8 : 5 6
| 1/0 lines a3 ' 68 99 |

; I

';i»“l-';RrIu{cs;rml asynchronous 5 | 2 2

| SPI i

| (serial synchronous interface) : | : :

| 12C interface - 1 1

| A/D converier 8 chonnels _ 16 channels 16 channels

A/D resolution 10 bits i 10 bits 10 bits

Analogue comparators i 2

Maximum clock frequency 16 MHz | 40 MHz 32 MHz

5/2004 - elekior electronics

Figure 3.

! Pholograph of a

microcontroller-
chip.
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Figure 4. Although
MPLAB s free, it
conlains everyfﬁfng
fo devefop an
application for a
PIC with a

maximum of user |

friendliness.

Figure 5. Operating
principle of in-
circuit programming

(ISP or ICSP).
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CCS C PIC compiler to the freeware PICC-Lite C compiler
from Hisoft, which is often sufficient for many applica-
tions.

For those who
prefer not to
work in C or
assembler there
are excellent
BASICcompilers,
such as the
PicBasic Pro Compiler from Micro Engineering Labs and
Proton from Crownhill Associates. For the AVR-family from
Atmel you could use Bascom AVR from MCS Elecironics.

ISP connector

microcontroller

open during
programming

to ramainder of circuit Stk Sl

Most programmers now prefer
BASIC or C over assembler

For the 8051 family there is, among others, a special
Bascom version from MCS, and SDCC, a free C com-
piler. Only the
Motarola prod-
ucts suffer from @
sparse availabil-
ity of compilers,
since the amount
on offer is
absolutely mini-

mal.

Accepting the fact that most software developers ofien
use identical programming elemenis, Microchip has
come up with an original idea: a new program called
Maestro. Using this, you can develop an application with
next fo no actual programming. This development envi-
ronment can be downloaded free from the Microchip
website and makes if possible fo stick together standard
modules. In this way a program can be put together
nearly automatically.

In addifion to a compiler, a microcontroller project also
requires other development toals. Microchip and Atmel
have the upper hand here with MPLAB (Figure 4) and
AVR Studio respectively. These development environ-
ments, running under Windows, contain everything a
programmer could only dream of a few years ago,
including @ program simulator. This development is still in
progress, because MPLAB is currently up fo version 6.5
and AVR Studio is up fo version 4, so that even new
products are well supported.

Despite the remarkable number of features these develop-
ment tools are completely free. You only need to down-
load them from the manufacturer's website to get started.
It has fo be noted that Motorola and other lesserknown
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manufaciurers are running behind in this area, certainly
when compared with these free products.

In circuit programming

Although it isn't really new, ISP (In System Programming) or
ICSP (in Circuit Serial Programming) is without doubt the
most important development regarding the programming
aspect. When the programmer has created the program in
the correct form, microconirollers that support it can be
programmed from a standard PC via a very simple inter-
face, while the
controller itself
can remain in the
circuit.

Figure 5 illus-
trates the operaf-
ing principle of
this concept. The
microcontroller
obiains its power
supply and clock
signal from the
PCB. Two or three port pins on the IC temporarily have an
alternaiive function, which makes it possible to erase and
program the program memory. If the application doesn'’t
use these pins, then they may be connected directly to a
PC. Otherwise a few jumpers or DIP switches may be
required fo isolate the circuit during programming.

All modern microconirollers with Flash memory support
this programming method and on the Internet countless
free software can be found for all the various conirollers
to program them in this way.

A program that distinguishes itself in this respect is FLIP
[Figure 6). i is offered free by Aimel and can program
countless microconirollers from this manufacturer, pro-
vided they have some kind of serial interface [R$232,
SPI, USB and even CAN-bus). This is currently the most
versatile program around.

Microcontrollers or not?

In this article we must not forget to mention special micro-
conirollers such as the Basic Stamp, the PIC Basic and the
Basic Tiger. These ICs with 24, 28 or 40 pins have, on a
tiny PCB, a fast microcontroller, which is pre-programmed
with an interpreter for a higher language. This is usually
BASIC, but other programming languages are emerging,
such as Java for the Javelin Stamp from Parallax. Even

programming in an object-oriented language is possible
with the OOPic.

Internet addresses

Author’s websife (in French): htip://www.lavemier-c.com/

Conventional microcontrollers and development tools

ARM: hitp://wvww.orm.com/

Aimel: hitip://veww.atmel.com/

Microchip: htip://vww.microchip.com/.

Cygnal; hitp://www.cygnal.com/

(ypress: hitip://www.cypress.com/

Motorolo: hiip://mot-sps.com/

Philips: htip://wvwi.semicondudors. philips.com/
Toshiba: hiip://wwrw.toshiba.com/foec/
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Free development tools running under
Windows contain everything that program-
mers until recently could only dream of

Even though these producis are very successful, they are
very expensive compared fo real microconirollers, mainly
because of they way they are manufaciured. They seem
to be most suitable for experimental applications or small
production runs.

Conclusion

Much more can be said on this fopic. But if we have fo
summarise the developments of the microcontroller area
in a few words, then we can say that the advance of
microcontrollers
in all aspecis of
electronics is
becoming
increasingly
important. These
can be either
more powerful
devices on the
one hand or with
ever smaller and
cheaper versions
on the other hand. The application of microcontrollers is
becoming easier and easier with free development fools
and powerful compilers.

The microconiroller has become an indispensable part of
elecironics. This is testified by the many projecis coniain-
ing microcontrollers that have already appeared and will
appear in Elektor Electronics.

o Vip200 - : . - = =

| ; ! '

| FEROe | hmesdeiog | e

[ e |simsey @ERE

' F Fogm 1N { e

| i ! l Demesse '

: i | et -

| v 4 T il Figure 6. The FLIP
J - AlMEL l ] software program
! _I = £ HENsm2 from Atmel for the
i Fany 2’ 1id 1 T

i il | - in-circuit

i 1l programming via
= = practically any
!— =Tt - -

- serial connection.

Tilog: http://www.zilog.com/

Spedial microcontrollers

Parollox:
00Pic
Basic Tiger:

hitip://www.porallox.com/
hiip://www.oopic.com/
hitipz// vt wilke.de/

Compilers

(C5.C Pic Compiler:

PICCLife C.Compiler:

Boscom AVR en Bascom 8051:
Profon - Basic compiler;
PicBasic (Pro) Compiler:

SDCC Compiler:

hitps//vwrw. cosinfo.com/
hittps//wevew hisofi.com/
hitp://wvw.meselec.com/.
hitp://wwew.pichosic.org/
hifp://vevrir.melabs.com/
hitip://sourceforge.nel/projecs/sdec
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MICROCONTROLLER

A dazzling choice of devices...




BUYERS GUIDE

Comparing and weighting microcontroller specifications
being largely subjective, it's just not possible to give hard
and fast rules to anyone wishing fo pick ‘the best’ micro-
confroller for a given job. In nearly all cases the starting
point will be the actual application with its very specific
requirements. This article does not aim af comprehensive-
ness by listing thousands of different microcontrollers but
rather summarizes selection criteria to help you reduce
the number of micros you could use from stunning to
manageable.

Speed

What is commonly referred to as the speed of a micro-
coniroller is not just dependent on the maximum CPU
clock and the clock generator (quariz crystal) — you also
need to look af the number of clock cycles the micro
takes to execute an instruction, as well as the program-
ming language used (assembler may be many times
faster than a higher language). Depending on the clock
frequency, universal controllers are suitable for applica-
tions well into the megaheriz range (video processing).

Program memeory

The program to be executed by the micro is stored in
non-volatile memory. An internal OTP EPROM can be
loaded once only, hence the more expensive Flash ver-
sion of the controller is usually employed during the pro-
gram development phase. Flash memory can be loaded
in seconds and is equally simple to erase. This may be
done using a programmer or in<circuit (ISP). These days
the size of conventional internal program memory
ranges from zero fo 1024 kB of Flash memory [perhaps
even moreé).

Microcontrollers with a litfle window for EPROM erasure
using UV light are now old hat. External windowed
EPROMs are now only used in the case of very large pro-
grams — Flash RAMs are increasingly seen instead of
EPROM:s.

EEPROM

When program variables are fo be retained even if the
microconiroller is switched off completely, EEPROM non-
volatile memory, internal or external, is called for. Con-
irary to some popular beliefs, the number of write opera-
fions sustained by EEPROMs is not infinite.

In general, external EEPROMs are connected to the
microcontroller via a two-wire bus. They are typically
used when ceriain application-specific data (like calibra-
tion values) are io be read at the start of the program.

RAM
RAM is used to siore variables during program execu-
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tion. RAM on board microconirollers is usually limited to
4 kB and the actual requirement is often much lower.
External RAM is also possible.

Digital Input/Output (1/0)

The number of digital 1/O lines you'll need in your target
application should be easy to tell. However, if the inter-
nal resources are exhausted, /O may also be used to
connect peripheral circuits. For simple applications you
have a wide choice of controllers sporting litile 1/O (for
example, Atmel's ‘Tiny’ devices with just eight pins). In
some cases, whole poris are required in parallel mode,
and that's when you cannot avoid those difficult fo solder
multilegged beasts.

Timers/counters

If a program is fo measure periods, or count events,
then the coniroller should have timers and/or counters
on board. Fortunately, most current models contain up
fo three each of 8-bit or 16-bit fimers/counters under
the control of internal registers. Timers/counters are
also needed to generate a clock-independent signal
(PWM, UART).

The Watchdog timer is a special case. It is sef fo an infer-
val by the running program having to reset it all the time.

External interrupts

Not only fimers/counters generate interrupts. When an
external event is fo halt the main program execuiion and
force a service subroutine to be run, one or two external
interrupt inputs are available on most micros for this pur-
pose.

Interfaces

Very useful to have are on-chip industry standard inter-
faces like 12C, 125, SPI, CAN, USB, LIN or one fora
common LCD. True, such interfaces can be emulated in
software, but you'll find that doing so akes time and
deep knowledge of assembly code programming.

Analogue hardware

Microcontrollers frequently feature infegrated interfaces
to the analogue world. These interfoces include anc-
logue/digital converters (with different resolutions and
analogue muliiplexers in front of them), analogue com-
parators and even operational amplifiers (with ouiput to

a pin).

Modes of operation

These are interesting to look at if a micro is to work in @
battery-powered circuit. A number of sub<ircuits in the
controller may be switched to ‘sleep’ mode to save power.
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Programmability

When the controller has an ISP interface, it can be pro-
grammed in the host circuit. If not, you'll need a more or
less complex programmer. An ISP-less controller soldered
into a circuif can not be reprogrammed without a lof of
work.

Special features

There exist microcontrollers that are only suitable for a
specific application like motor control, DSP and con-
trollers with an RF input section. If you're planning a
related application, these special devices may be well
worth considering.

Price, availability, case

The price of a microcontroller is not too important if you
are doing a one-off project or a small series. However,
there's lifile satisfaction in finally having found the ideal
fype for your application and then discovering that the
chip is only available in 10,000+ quantities directly from

Korea. The enclosure your ‘dream’ micro comes in is also
an important factor, after all, who's capable of manually
soldering a 256-pin ‘flatsomething’ case with pins at
sub-millimeire distance?

Development Systems & Co.

This point is of marked interest to semi-professional devel-
opers. If you program in assembler, every new coniraller
family you embrace requires a new language to be
learned. If you do not like that, you either stick fo the
same controllers for years or invest in a higherlanguage
compiler like C, Pascal or Basic. These producis are usu-
ally suitable for several conirollers, but tend to generate
bulkier code than assembler.

To this should be added the cost of a development sys-
tem. For some controller families, IDE's are offered at no
cost while for others you need to dig deep in your
pocket. In particular commercial programmers that come
with complex ‘pods’ (controller sockets) may have exior-
tionate price tags. names

Microcontroller manufacturers overview
4-, 8-, 16-, 32- and 64-bit families

Altera - www.altera.com
32-bits:  EPXAxxx (ARM V4T), Nios (Nios)

Analog Devices - www.analog.com
8bits:  ADuC8xx (8051

AMD - www.amd.com
32-bits:  Aulx00 (MIPS)

Aimel - www.atmel.com

4bits:  TA8C510, ATAxxx (MARC-4)

8bits:  AVR (AVR), AT89x0x (8051),
Mega AVR (AVR)

16bits: €251 (8051), AT® 100 [ARM)

ARC International - www.arc.com
32bits:  ARC501 [ARCompact), ARC7xx, ARCOxx,
ARCltangent (RISC)

ARM - www.arm.com
32-bits:  ARMI10xx, ARMIT 1xx, ARM7xx, ARMPxx,
SCxxx, MPCore (ARM]

Cirrus Logic - www.cirrus.com
32-bits:  CS89712, EP73xx, EPP3xx, PS7500xx (ARM)

Cybernetic Micro Systems -
www.controlchips.com
8bits:  P-51(8051)

Cygnal Integrated Products -
www.cygnal.com
8bits:  CB051Fxxx (8051)

Cypress Microsystems -
www.cypressmicro.com
8bits:  CY8C2xxxx (M8C)

Dallas Semiconductor (Maxim Integrated

Products) - www.maxim-ic.com

8-bits:  DS2xxx, DSS5xxx, DSBOCxxx, DS87Cxxx,
DSB89Cxxx, MAX765x (8051)

Fujitsu Microelectronics - www.fujitsu.com
8bits:  MB89xxx (F2MC-8l)

16bits:  MB9Oxxx [FZMC-16)

32-bits:  MB91xxx (FR)

IDT - www.idt.com
32.bits:  RC32s00x [MIPS)

Infineon Technologies - www.infineon.com

8-bits:  Chxx, C868 (8051)

16-bits:  Cléxxx (C166 v1), XClbxxx (C166 v2)

32-bits:  TC11IB, TC19xx (TriCore V1.3), TC17xx (Tri-
Core V1.2)

Intel - www.intel.com
8-bits: 8xC251x, 8xC51xx [MCS51)
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16bits:  80C18x, 8xCx96xx (=MCSx96xxx)
32bits: 80960 (1960}, IXC1100, IXP4 (StrongARM
v5TE)

Microchip Techneology -

www.microchip.com

8-bits: PIC1 2xxx, PICT 4xxx, PIC16xxx, PICT 7xxx,
PIC1 8xxx, rfPIC (PIC micro)

16bits:  dsPICxxxx (Modified Harvard RISC)

MIPS Technologies - www.mips.com
32-bits:  4Kxx , M4K, 24Kx [MIPS)
64-bits: 20k, 10Kx, 5Kx [MIPS)

Motorola Semiconductor -

www.freescale.com

8bits:  MC68Hxxx (HCOx)

16bits:  HCS12x, M68HCxx (HCS12)

32-bits: 68300 (68K), MCF5xxx (ColdFire), Mcore xxx
(RISC), MAC7xxx [ARM), MPC5xxx [PowerPC)

National Semiconductor -
www.national.com

8-bits:  COP8xxxx (Modified Harvard RISC)
16-bits:  CR16xxxx (Compact RISC)

NEC Electronics - www.necel.com
8-bits:  78KOS/Kx1, 78K0O/Kx1 (NEC K]
32-bits:  v850ES/Kx1 (v800)

64-bits:  VRA1xx, VR5xxx (MIPS)

Oki Semiconductor - www.okisemi.com/us
4-bits: MSM6318xx, MSM6415xx (nX)
32.bits:  ML67xxxx (ARMZTDMI)

Philips Semiconductors -
www.semiconductors.philips.com
8bits:  P8xC5x, PBPLPCYxx, P8xLPC76x (8051)
16-bits:  PXAxox (XA)

32-bits:  LPC2x0x (ARM7)

Rabbit Semiconductor -
www.rabbitsemiconductor.com
8-bits: Rabbit 2000, Rabbit 3000 (Z80/1 80)

Renesas Technology - www.renesas.com

4bils:  M45xx (720), Haxxx (HMCS400)

8bits:  M38xx, M78xx, M3754x, H8/380xx (H8)

16-bits:  M77xx, M79xx (740), H8/30xxx (H8),
HB8S52xxx (H8S), MT16C/xx, M32C/xx
(M16C), H8/36xx, H8SX/1xxx (H8)

32-bits:  SHaowx (SuperH), M321xx (RISC)
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Silicon Storage Technology - www.sst.com
8bits:  SST8%x00xx [FlashFlex 51)

Sharp Microelectronics -
www.sharpsma.com

16bits:  LH754xx (ARM)

32-bits:  LH7952x, LH7 Adxx (ARM)

STMicroelectronics - www.stm.com

8-bits: ST62xx (ST6), ST72xxx, ST7FLite [ST7),
uPSD3xxxx (8032)

16-bits:  ST10x0exx (BOC166), ST92Fxxx (ST9),
STR7x0x (ARM)

32.bits:  STAORA (SH4)

SuperH - www.superh.com
32-bits:  SH-4xxx (SuperH)
64-bits:  SH-5xxx (SuperH)

Tensilica - www.tensilica.com
32-bits: Xtensa V, Xtensa LX [Xtensa]

Texas Insiruments - www.ti.com
16-bits:  MSP430x0xx (MSP), TMS470 (ARM)

Toshiba America Elecironic Components -

http://chips.toshiba.com

8bits:  TMPx8xoxxx (TLCS)

16-bits:  TMPQ6xxxx, TMP 1xxxx, TMP95xxxx,
TMP9 33000 [TLCS)

32-bits:  TMPP2xxxx, TMP4xxxx (TLCS), TMPR19xxx,
TMPR3Pxxx (MIPS)

64-bits:  TMPR49xx, TMPRY9xx (MIPS)

Triscend - www.iriscend.com
8-bits: E5 (8051)

Ubicom - www.ubicom.com
8-bits: SXxxxx, IP2012/2022 (MASI)
32:bits:  1P3023 (MASI V2)

Xemics - www.xemics.com
8bits:  E88LCOx [RISC)

Xilinx - www.xilinx.com
32bits: PowerPC 405 (PowerPC)

Zilog - www.zilog.com
8-bits:  eZ80xxx, Z8x0x, Z8Fxxx, Z8 Encorel
(280/180)
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Easy-PC _
World Beating Value in PCB DeSign Soﬂwure

om *,  High performance Windows based PCB Design Capture,
- £97 = Simulation and Layout software at prices you'd expect
“s, ;41 from your local computer store!

NEW! in Easy-PC7 Stop press... by customer demand, now =i
e Library Databook with Tsien Boardmaker 2 design impori...

e Step and repeat plotting : —_—
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2| cp-Rom Robotics i

z In Robotics, electronics meets information technology as well as

mechanical engineering. The meeting results in a boundless ' F 1
-

) . Enter the fascinating world
experimental field. Do you want to explore it?

For beginners the shortest way is along the kits line, while Qfirobotiest
experienced users and programmers are best served by DIY
construction. Both options are available on this CD-ROM thanks to Order now using the Order
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technical information. All aspects of madern robotics are covered,

from sensors to motors, mechanical parts to microcontrollers, not Elektor Elecironics (Publishing)
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processing. Robots built from LEGO® bricks also get a fair amount of Telephone +44/(0) 1580 200 657
attention Fax +44 (0) 1580200 616

forgetting matching programming tools and libraries for signal

See also
www.elektor-electronics.co.uk
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Resolution Menu - 12, 14 or 16bits
Sample Rates - 5,10,25,50,100 Ms/s models
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Swiss Army

In a fix2 Need to get a microcontroller project
off the ground FAST? This article proves that an
ultra-versatile microcontroller board can be built

and programmed even by relative newcomers.
The main circuit is based on the Atmel
89C8252 which has an 8052 architecture.




Knife

Included is some very special (free)
software that enables even the most
code shy among you to make the con-
troller do something. There are two
alternatives to communicating with
the circuit; USB 2.0 or RS232.

The original intention of the project
was to produce a controller with built
in BASIC that could retain the program
after switch off, automatically start at
switch on and not consist of too many
chips. It should also be very easy to
use and not require any special soft-
ware on the PC. This has been
achieved with more or less a single
chip. This is possible because the
89C8252 has 2 kB of data EEPROM
that can be programmed with high
level instructions. The AT89C8252
micro was first used in the Elektor ‘51
Flash Micro Board published in Decem-
ber 2001 and now a ‘classic’ with PCB
sales in the 'k’ range.

You may well be wondering why not
use a BASIC or C compiler on your PC
and blow the object code into the micro.
These are good options, however you
loose the immediacy of your actions. The
Swiss Army Knife board immediaiely
executes any code sent to it, Typing:

Pzi=0

at the console will immediately set all of
the port 1 lines to Low. Also, a level of
knowledge is required of the BASIC
and C compilers before anything can
be achieved. If you simply want to get
on with your favourite robot project,
then this is the way to do it. Mind you,
you can still use the compilers or
assembler later when you have done
S0me experimenting.

RS232 and/or USB

Along the way the author got fed up
with incorporating a dedicated com-
munication system with every board
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R5232 and USB all in one project

especially when it was not usually
needed in the final application. This
lead to a separate power supply and
RS232 connectivity that could be used
with other circuits. However, as the
RS8232 format is getting a bit rusty and
is not even included on some modern
PCs it was considered nice to produce
a USB interiace as well and of course
the USB can power the circuit. The
result of the design effort is that you,
the user, may choose between RS232
and USB when it comes to talking to
the micro in your Swiss Army Knife.
The Swiss Army Knife board consists
of three sections: microcontroller
(MCU), RS232 interface and USB inter-
fate. Each of these will be discussed
separately below.

Microcontroller
circvif

The MCU circuit shown in Figure 1
contains the popular ATB89C8252
microcontroller clocked at 22.118 MHz
and programmed with a version of
Tiny Basic called Tiny Control Basic
(TCB). The circuit shown is about as
minimal as you can get. It is possible
to program the code memory allowing
a mix of high-level and assembler can
be used. To facilitate this IC2 has been
included although the chip could be
omitted in the finished application orif
in-circuit programming is not recuired.
Regarding connectors, K1 takes all of
the I/O lines to a 40-way header and
K2 is a 14-way header that mates with
either of the two other boards. Pins 1
and 2 form the serial communication.
The handshaking pins are not involved
in the serial communication.

The AT89C8252 can be programmed
serially using just three lines: SCK
(clock), MISO (output) and MOSI (input).
Using these three lines and sending
special bytes it is possible to get direct
access to the code memory without

removing the chip from the circuit,
hence the term in-circuit programming.
Pin 5 on K1, the DTR linge, initiates this
pracess and the other pins are as
described in Table 1. The DTR signal
enables the top half of IC2, a tri-state
inverting buffer. All of the lines are
inverted by IC2 so the software must
take this into account. The ByVac ter-
minal described further on has suitable
software built in.

Along with the in-circuit programming
there are various other signals avail-
able that apply to the USB interface.
Pin 6 is the Ring Indicator. Providing
the PC is set up correctly and the USB
board is also configured correctly, this
line can wake up a sleeping PC. By
taking the line low the USB chip will
send the correct signals to the PC to
activaie the PC from a suspended
state. For this to work properly the
microcontroller cannot be self pow-
ered, as the curmrent available on
standby is insufficient to operatie the
microcontroller without that also being
in power down made. In the power
down mode the microcontroller will not
be able to initiate a signal.

The USB specification has strict control
over how much power can be taken
from it and at what time. A normal USB
is capable of providing a limited
amount of current (100 mA) until it is
properly configured. Once it is, up to
500 mA can be delivered by the USB
bus. Pin 7 goes low to indicate that the
USB is properly configured. This action
enables the lower half of ICZ and as a
result the PWR LED illuminates indi-
cating that PWR is active and that cur-
rent can be drawn from it. Power to
external devices is taken from pin 8.
The USB circuit (see later) will not pro-
vide any power to this pin until it is
configured properly.

Pin 9 is a signal from the USB interface
that goes low during suspend. The
user can monitor this line. Pin 14 is
power provided from the USB bus, con-
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Features

= Built-in integer BASIC (TCB)

- BASIC can call assembler programs

- Instant code execution, no compiling phase
- Only needs a simple terminal emulator to program

- Auto Baud detection

- User BASIC program, line 10 runs on reset
- Can program code memory in-circuit using ByVac-Terminal

- 1/O connectivity
- USB 2.0 option
- RS232 option

- All software available free of charge
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Figure 1.Circuit diagram of the microcontroller main board (MCU). It employs the

8958252 Flash micro from Atmel.

figured or not. This is only capable of
supplying about 100mA when the bus
is not configured. For this reason,
external devices must use the PWR
lines rather than Vcc.
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By monitoring the above lines IC2 can
he put into power down mode when
the PC goes inio the suspend state. RI
Can be used to awaken the PC pro-
vided the USB and PC interfaces are

set up correctly. To do this IC1 must
also be salf powered.

The P1.0 LED is connected via two
inverters to the P1.0 I/O line of IC1,
this can be used for anything. It is use-
ful to have something there for testing
DUrposes.

USB inferface

The USB interface shown in Figure 2
uses a chip from Future Technology
Devices Intl. Ltd. (FTDI) and the circuit
follows their data sheet. The FT232BM
is designed as a quasi-replacement
RS232 interface and when installing
the device drivers, it becomes a COM
port on the PC. Drivers for other oper-
ating systems are available. The chip
and associated software drivels
remove any hassle from building a USB
interface.

There are only a few aspects of this cir-
cuit worthy of atiention. The first is the
N channel MOSFET that supplies
power to pin 8 of K2 when the PWREN
signal is low. It is set up this way so
that external devices can be powered
from the USB bus when the FT232BM
is initiated. The initiation process is
called enumeration. The other part of
the circuit is IC2. This part is optional
and is only required if you need to use
the special features of the chip, USB 2.0
for example, or are using two chips in
the same system. The circuit will work
perfectly well without it.

Before going any further it is helpful to
know something about the USB inter-
face. The interface is incredibly useful
in that not only does it provide a high-
speed interface but power as well.
When first plugging in the device it
must draw no more than 100 mA uniil
the device is enumerated. Once enu-
merated the bus is capable of supply-
ing up to 500 mA. In suspend mode
this reduces to 500 gA. All USB devices
have a unique, registered ID. The
FT232BM has a built in, default ID. For
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integrated circuits and then see the personal computer industry

grow from nothing.

commercial use the ID must be regis-
tered. Also if you intend to use more
than one device on the same sysiem
then each device must have a unique
product ID. It is possible to set all of
this up by fitting the EEPROM IC2.
Once enumeration has taken placs,
which is all taken care of by the
FT232BM chip, the PWREN line is
taken low. This is passed on to pin 7 of
K2 so that it can be monitored by the
microcontroller if necessary. It also
activates T1 which in turn allows
500 mA to be drawn from the USB bus
via pin 8 of K2.

There are two main types of socket: ‘A’
and ‘B'. The A’ socket is a power
provider and is the type fitted to the
PC. The 'B' type is a power user and to
our knowledge comes in about three
different shapes. The one used on the
PCB is the most common although
smaller ones can be obtained with dif-
ficulty, these are usually found on cam-
eras and the like.

The FT232BM requires a device driver,
even on an XP system. All the device
drivers, software and documentation
required for the device can be obtained
from the FTDI website. The driver
needed is the Virtual COM Port (VCP).
This will enable you to use the device
as if it were a COM port.

The EEPROM device, if fitted, can be
programmed using the D2XX drivers
and one of the many software utilities
provided at the site. Note the drivers
will no co-exist, you need to uninstall
one to use the other.

Good old RS232

This is for those of you who do not
fancy USB. The RS232 interface circuit
diagram appears in Figure 3. As R5232
port is not capable of enough supply-
ing power it is necessary to incorpo-
rate a simple 5 V supply into the
design. Bridge rectifier B1 may strike
you as unusual but is well worth the
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Figure 2. USB interface schematic.

extira cost, not only can you use an AC
ouiput power supply but also it does
not matter which way round the polar-
ity is on a DC power supply — just
plug it in and it works.

03448 -12

Power from the supply is taken topin 8
on K2 to indicate to the main board that
power is available. Pin 7 is permanently
at ground indicating to the main board
that power is available. The circuit
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COMPONENTS
LIST

PCB, order code 030448-1
Project sofiware on two disks, order code
030448-11 or Free Download.

C1,C2 = 22pF
C3 = 10pF 16V radial
C4,C5 = 100nF

Semiconductors:

D1,D2,D3 = LED, low current, colours to
personal faste

IC1 = AT8958252-24PC, Dip40 case,
programmed, order code 030448-41

IC2 = 74HC240

K1 = 40-way boxheader [two pin rows)

MCU board K2 = 14-way socket, angled pins, two
1 receptacle rows
Resistors: S1 = pushbutton, 1 moke contact,
RI-R4 = 1kQ miniafure
R5 = 10kQ X1 = 22.1184MHz quariz crystal
Bi
2k7
A2 D1
=
i +5V
a7 &s; @
« —
RS232 3 16V
/O—;:I c1 L Cis )4 @ 2L
o=l 15
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Figure 3. RS232 interface schematic.
External RAM
8000 - FFFF
32K
= _ 8K
Eﬁmﬁﬂﬂl
EEPROM a2
internal RAM | gooo - 07FF 2 ——57| 8K
256 byles Zh
SFR TCB
80-FF
128
0
030845 -14

Figure 5. Harvard memory struciure applicable to the 8958252 Flash controller in

this project. TCB occupies 6k of the 8k
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available in the Program Flash area.

USB interface
All parts SMD, case shope 1206

Resistors:
RI =10kQ
R2 = 2k02
R3,R4 =270
R5 = 1kQ5
R6 = 4700
R7=1kQ

Capacifors:
C1,C3,C5,C6 = 100nF
C2 = 10nF

C4 =47nF

formed by R1, R2 and D1 limits the voli-
age on the RTS line and make it suitable
for feeding into IC1 on the main board.
All of the I/O lines are used on IC1 in
order to facilitate the in-circuit pro-
gramming. Only TXD and RXD are
required if the in-circuit programming
is not required.

Some of the functionality of the USB
board is not available to the RS232
interface, so pins 6 and 9 of K2 are left
unconnected.

Consfruction & fest:
MCU and RS232...

If you look at the PCB artwork shown
in Figure 4, you'll notice that the MCU,
USB and RS232 sections are supplied
as one board, order code 030448-1 from
our Readers Services.

Depending on the connectivity you
have in mind for the Swiss Army Knife
you will have to populate the USB or
the RS5232. Sure, you can build both
sections but do remember you can't
use them at the same time.

The MCU and RS232 sections are noth-
ing special when it comes to building
them — simply work along the lines
indicated by the parts list and the
component overlay. Sockeis are of
course recommended for the ICs. The
14-way connector can be cut from a
larger one if required. Voltage regula-
tor IC2 does not require a heat-sink.
Before inserting the ICs into their sock-
ets, connect the MCU board to a 5V
supply and power up. Check with a
meter that b volis appears at the cor-
1ect polarity across pins 20 and 40 for
IC1 and 10 and 20 for IC2. If all is well
disconnect the power, insert the IC's
and re-connect the power. If you have
a logic probe or oscilloscope, monitor
pin 2 on K2 (pin 11 on IC1). Press reset
and after 1 or 2 seconds the sign-on
signal should be seen. This will be a
short burst of pulses at 9600 baud.
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C7 = 10pF 6.3V SMD RS232 board IC1 = MAX232 [Dip16 case)

IC2 = 7805
Semiconductors: . =z
T1 = IRIML6402 sl Miscellaneous:
IC1 = FT232BM (FTDI, www.fidichip.com) i K3 = mains adapter socket, PCB mount,
IC2 = do not fit (?3C46B SO8) 2 angled pins
Capacitors: - K1 = @way subD socket (female], angled
Miscellaneous: CI-C5 = 10pF 16V radial pins, PCB mount
K1 = USB connector, fype ‘B’, PCB mount C6 = 1000pF 25V fﬂflm‘ K2 = 14.way angled pinheader, two pin
K2 = 14-way socket, angled pins, fwo C7 = 100pF 16V radicl rows
receptacle rows C8 = 100nF

X1 = 6MHz ceramic resonator, 3 pins

Semiconductors:

B1=BBOC1500, round case {80V piv,
1.5A)

D1 = 4.7V zener diode, 500mW

Figure 4. Component overlay for the combined MCU / R5232 / USB board, order code 030448-1_ If you want to use USB
either leave the USB inferface section atiached to the MCU or separate the two and connect them with a flatcable.

Figure 6. Finished and fested profotype of the Swiss Army Knife. Here, the R$232
inferface is connected to the main board by means of a connector pair.
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ByVac-Terminal

ByVac-Terminal does have some builtin features to get maxi-
mum performance and ease of use from the Swiss Army
Knife. Version 1.0 is free from the Free Downloads section of
our websife: wwaw.elekiorelecironics.co.uk. As an example,
to download a program from your fext editor you can simply
use ‘Send File’. If however you are using the EEPROM memo-
ry space then there is a noficeable delay while the program
line is written. An option on some terminal emulators is fo
send line by line and insert a delay behween lines. This works
fine but you have to cater for the worst case meaning the
download is much slower than it should be.

Built info TCB is the 'LOADB’ command that has a very sim-
ple protocol and it works like this. After issuing the command
TCB waits for a line of BASIC to be sent, when the line is
received it is processed and an ASCIl code 6 (ACK) is sent
back to the terminal to indicate it is ready for the next line.
This simple protocol works exceptionally well and the ByVac
terminal has this protocol built in.

Another advantage is fhat it is capable of using the incircuit
pregramming features so assembler code can be written and
downloaded info the code space.

We've already seen how fo turn the on board LED on and off
using a simple program that you typed in at the ferminal. You

can verify that everything is okay by typing:

Pz1=254
Pz1=255

The above action should have turned the LED on and then off
again. You can edit TCB pregrams by re-yping the line, fo
remave a line simply type the line number. This however can
become very fedious. A much better way is to create and
edit the program using “Notepad” or a similar text editor

and then downloading this fo the board.

Open your text editor and enfer the program below. This is
very similar io the program you used in the TCB introduc-
tion. Note that at lines 20 and 40, instead of assigning a
value directly to port 1 a logical operator (‘and’ ‘or’) is
used. This will have the same effect but it does not affect
any of the other lines on the same port. Observe also the
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It goes without saying that IC1 should
be pre-programmed with TCB (Tiny
Control BASIC) for the above to work.
There is not much else you can do
without the other two boards; the
MCU circuit is so simple that just
about the only thing that can go wrong
is the soldering and component loca-
tion (is everything in its correct place
and the right way round).

-.cinel USB

As you can see from the PCB artwork,
the USB interface is connected to the
MCU section by copper tracks. If you
want to fit the USB interface at some
distance from the MCU board, the PCB
sections have to be separated by cut-
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ting or sawing and a small connection
cable installed between the respective
connectors.

Now for some bad news. The FT232BM
chip only comes in a surface mount ver-
sion and it's a small one at that. You
need to be brave to build this but it can
be done with a simple soldering iron,
solder wick and some solder paste.
We would urge you to have a go at
this, it's not a beginner task but it's not
impossible either.

Unfortunately, solder paste is expen-
sive but it does make the process
much easier. An alternative to using
the paste is to use far too much solder
and get rid of the excess with the sol-
der wick.

The solder wick does such a good job

at tidying up that it is not that impor-

_ iant if the solder goes in all the wrong

places at first. The most important
thing to get right is the orientation of
the IC1. It must be perfectly in line and
square with all of the pads and remain
there whilst the first heat is applied. If
it slips then you're in trouble.

We would recommend that you spend a
lot of time lining IC1 up and when you
are satisfied, solder jusi a few pins,
(one pin if you can) the minimum cov-
erage of the author's fine tipped sol-
dering iron is two to three pins. lf all is
well solder the rest of the pins, once in
place it is almost impossible to remove.
Remove all of the excess solder with
solder wick and double check no short
circuits exist between the pins.
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“end” without a line number at the botiom of the program.
This will tell TCB that the download has finished. In practice,
if you forget to do this it still works okay.

10 for j = 1 to 10
20 pzl = pzl and 254
30 gosub 500

40 pzl = pzl or 1

50 gosub 500

60 next j

70 end

500 for k = 1 to 20
510 next k

530 return

end

Save the program with the extension TCB, e.g. “LedFlash.icb”
If you are using Notepad be careful o select all file fypes
before saving otherwise you end up with a file called
“ledFlash.icb.ixt". This only happens on the first save but it is
something to be aware of.

As indicated TCB has a very simple but effective file transfer
proiocol that the ByVac-Terminal tokes advantage of. Start the
terminal and use the inifial seflings as shown in Figure A.
Note that the “End of line wait for character” is checked. At
the terminal type LOADB as Figure B.

TCB is now ready fo accept a basic program using the simple
protocol. Use File and “Transmit fext file” or use the forth icon
from the lefi. Select your file “LedFlash.icb” and it will be
loaded into TCB.

The program will load, type RUN to see the fruits of your
efforis. To speed things up if you alter the text fransfer sefiings
to that of Figure C. The terminal will now fype in LOADB for
you if you select a file with an extension “tcb”. Changes to the
RS232 selfings require the connection between the PC and the
Swiss Army Knife to be broken and then restored again.

Use the fifth icon from the lefi to reload the same file. The
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cycle for development then becomes:
1. Edit program

2. Save

3. Use the reload icon

4. RUN

5. Back to' 1

If you want o stop the program running use CIRLC or simply
press reset. The beauty of an interactive system such as this is
that everyihing is immediate, you can fry things out af the
command line and it will be instantly activated. At the end of
development you have your finished product.

Two dice programs, one simple and the other, well, slightly
less simple, fo fest the above sequence may be found on our
website.

The other components are not too bad.
They were chosen for their large size
(relatively speaking). The connector K2
is a pinheader that will probably need
cutting from a larger one.

Before plugging in the device to the
PC, download the FTDI device drivers
and unzip to a suitable directory. i all is
well when you first plug the device in
you will be asked for the device driver.
Take some time after building to
inspect the circuit for shorts, use a
meter if necessary. Plug the device into
the USB port on the PC or preferably
onto a hub to prevent any possible
damage to the PC. Although the USB
specification calls for short circuit pro-
tection, you never know, and a new
hub is much cheaper than a PC. If it's
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any consolation the prototype circuit
was not checked well enough the first
time it was plugged into a PC and all
the USB devices suddenly stopped
working, this included the mouse. It
took a reset of the PC to restore things
back to normal — not a pleasant expe-
rience.

Assuming all is well the PC will detect
the new device and recuest the loca-
tion of the device drivers. Install this
just as you would any device driver. If
you are not sure how to do this look on
the FTDI website for information,
installation instructions also come
with the device drivers for Windows
and other operating systems.

All being well you should now have a
new COM port. To find out which port

number has been allocated depends
on the operating system. For Windows
XP this is in the Control Panel — Sys-
tem — Hardware — Device Manager
then open up the Ports tree by clicking
on the + sign. You should see a new
port. If not, re-install the device driver
and make a note of any error mes-
sages.

Complete circuif fest

Connect the two boards together, use
either the R5232 circuit or the USB cir-
cuit. Launch the free ByVac terminal
utility, see the ‘ByVac-Terminal’ inset.

If using the RS232 board you need a
straight-through (1:1) cable where
pin 2 goes to pin 2 and pin 3 goes to
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Table 1 Programming & USB interface

J1 Pin |Name Function

1 RXD (SCK) Part of IC1 serial, in<circuit programming interface. This is the clock line.

2 TXD | Serial output from IC1

3 CTS (MISO) Output from IC1 serial programming interface.

4 RTS (MOSI) Input to IC1 serial programming inferface

5 DTR | Low activates programming mode, also low and back to high again will reset IC1
6 RI | Take low to wake PC (requires special set up)

7 PWREN Low o/p from USB interface indicates that 500mA is available on the PWR line
8 PWR |5V @ 500mA

9 SLEEP | Goes low fo indicate that the connected PC has gone to sleep

10-12 Nof used

13 GND Ground

14 VCC 100 mA, 5V

pin 3 eic. In some cables the pins are
crossed, check this with a meter. You
also need to enable RTS in the ICP box.
Press reset (S1), wait for a few seconds
and you should see the sign-on mes-
sage. If not, check that the sign on
message is coming from IC1. If there is
a signal and you still do not see the
sign-on message check the settings,
Baud rate etc., check the connectors,
cable and wiring.

Here’s TCB

At the heart of this project is the TCB
(Tiny Control BASIC) software that will
incidentally run on any 89C8252 sys-
tem with or without external RAM. If
there is any RAM present it will auto-
matically detect it, obviously there is
no RAM in this project.

There are three ways you can get the
TCB software onto IC1:

1. use the programming interface;

2. buy a pre-programmed chip,
order code 030448-41 from
Readers Services;

3. use an 83C8252 programmer.

Although possible, option 1 is not rec-
ommended, the programming interface
and software being designed for short
programs(< 100 lines), also it will mean
that you can't properly test the circuits
until you have done this so how do you
know if the circuit has been built cor-
recily? It is possible however but will
take about 25 minutes, see the Assem-
bly Code inset. Options 2 or 3 are rec-
ommended if you are building the cir-
cuit for the first time.

This processor and its architecture
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have been mentioned many times in
various articles, however the memory
aspect must be at least partly under-
stood so it is briefly discussed hers.

Memeory

The memory space of the 8052 uses
an architecture that shares parallel
areas of memory. By logically combin-
ing the OE and PSEN signals to
access the RAM it means that the
external RAM can be used as program
memory. The 8051 architecture is old
and we're sure that separating out the
daia and program memory seemed
like a good idea at the time. This is
what is known as Harvard Architec-
ture and in theory at least it means
that it is possible to fetch a code
instruction at the same time as data
in a single machine cycle.

Figure 5 shows the memory map and
may cause some confusion for those of
you who are more used to the conven-
tional memory arrangements. The
EEPROM space is pure data memory
and assembler programs cannot run
in this space, high level programs can,
see later. There is provided 256 byies
of internal RAM that shares the upper
half of this space with special function
registers. The trick to ‘getting at’ the
various spaces lays in the instruction
set. It would take up too much room
here to go into detail but to give an
example when accessing the code
memory the MOVC instruction is used
but when accessing external memory
MOVX is used. Other techniques of
direct and indirect addressing are
used to access the iniernal RAM

spaces.

The on-board Flash memory contains
TCB, version 1 and only occupies
about the first 6 k. If this is good
enough for your applications then you
can forget all about the various mem-
ory addressing modes, TCB will take
care of it.

Infroduction fo
programming in TCB

The integer BASIC is a modified ver-
sion of Tiny BASIC called Tiny Control
Basic (TCB) that was designed specifi-
cally to enable users to get the maxi-
mum out of a microcontroller in the
shoriest possible time without having
o go through a massive learning curve,
or installing any special software.

The 8052 architecture has three mem-
ory spaces that are dealt with by TCB.
Internal RAM, EEPROM and external
RAM. These are accessed by the key-
words IRAM, ROM & RAM respec-
tively. Type IRAM and you should see
this message:

i>iram

Internal Ram 00B4 to 00FF
0K
i>

The ‘i>" prompt indicates that we are
now in infernal ram space. As you can
see there are only a few bytes but this
is good enough for a 2 or 3 line pro-
gram. TCB will let you know if you run
out of space. To access the EEPROM
type ROM:
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Table 2. Tiny Control BASIC main specification

Numbers:

16 bit signed infegers range from -32767 to 32767

Variables: single letier A through L (12)
Arithmetic: +,- =, /, and MOD
Logic: NOT, AND, OR, XOR
Comparisons: 1:- <, =, <>, >=, <=
RUN, LIST, NEW, DUMP, RND, ABS, IF, THEN, GOTO, FOR, TO, NEXT, REM, CALL,
Commands: RETURN, GOSUB, ROM, RAM, IRAM, LOADH, LOADB, DECIMAL, HEX, LET, PRINT,

INPUT, BAUD

Special function registers:

PZ0, PZ1, PZ2, PZ3, TCON, TMOD, TLO, TL1, THO, THI, SCON, SBU, IE, IP, T2CON,
WMCON, SPCR, SPSR, SPDR, PCON

Interrupt:

| ONEXO, ONEX1, ONTO, ONTI1, ONT2, ONSP, El, DI

i>rom

Rom 0000 to Q7FF
OK
e>

We are now in ROM space and as you
can see there is 2 k of memory from
0000 to O7FE At any time you can type
‘DUMP' to see the contents of the
memory. The advantage of using this
space is that it will retain the program
even after power down. The disadvan-
tage is that it is slower than RAM to
write to and there is a limit to how
many times you can write to it, approx-
imately 100,000 times. In this project
there is no external RAM so typing
RAM will return an error. All TCB pro-
grams will be written to the EEPROM.
TCB is capable of running a program at
start up but it must begin with line 10.
If line 10 does not exist any the pro-
gram will effectively be erased. The
start up procedure is as follows:
1. Check for input from user (space
bar) — waits about 1 to 2 seconds
2. If no input, check ROM space for a
program starting at line 10
3. Run it if it exists, if not check RAM
space for a program starting at
line 10 and run that.
If no line 10 exists and there is RAM it
will erase (NEW command) the pro-
gram in RAM and the sign on will be in
RAM space. If there is no RAM then it
will come up in internal RAM space
(IRAM). Memory will not be erased if
you press the space bar within one to
two seconds of switch on. In this proj-
ect of course there is no external RAM
so the default will be to come up in
internal RAM space “i>" unless there
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is a line 10 in ROM space in which
case it will run the program there.

If the space bar is pressed within
approximately two seconds of reset or
switch on, TCB will detect the Baud rate
and come up in internal RAM space.
TBC does not actually erase all of the
RAM but simply puts the end of pro-
gram marker (FF) into the first byte.
You can verify this using the DUMP
command after the NEW command.
Referring to the MCU circuit, LED D3 is
connected to port line P1.0 via two
buffers in IC2. By default it will be off.
This is because at start up all of the
port lines are taken high.

To turn on the LED simply type:
PZ1=254

i>pzl=254
OK
i>

PZ1 is the port 1 variable, anything you
set this to will occur on port 1. By sat-
ting port 1 to 254 which i5 1111 1110in
binary it will set pin 0 of port 1 to 0. By
convention this pin is referred to as p1.0

Try:

ROM

10 FOR J =1 TO 10
20 PZ1=254

30 GOSUB 200

40 Pz1=255

50 GOSUB 200

60 NEXT J

70 END

200 FOR K = 1 TO 50
210 NEXT K
220 RETURN

The above should flash the LED on and
off 20 times.

Table 2 gives a brief description of the
language.

Odds & ends

The massive amount of documentation
Jim produced for this project would
easily fill half this magazine, hence
some items had to be moved to our
website from where they can be down-
loaded free of charge. The items
include the illusirated Quick Start
Guide — Swiss Army Knife, the Tiny
Control BASIC Manual and Simple
Dice, so get downloading...

i’

Web pointer
FT232BM USB drivers: www.fidichip.com

Free Downloads

Byvac-Terminal for PCs [install file with
supporting OCX files}, TCB (hex file),
File number: 030448-11 zip

Two simple dice programs (Word file). File
number: 030448-12 zip

Quick Start Guide for Swiss Army Knife
(Word file].
File number 030448-13.zip

Tiny Conirol BASIC manual (pdf file).
File number: 030448-14.zip

PCB layout in PDF format.
File number: 030448-1.zip

ww.elekior-electronics.co.uk/dl/dl.him,

select month of publication.
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Assembly code

At some point in time more conirol or faster speed may be
required than a high level language can give. There is no
alternative but to resort fo use assembler, which is the
direct equivalent to programming the processor itself.

To do this effectively you will need an assembler. This is a
E;ogrom that franslates 2 to 4 letter mnemonics into num-
rs that the processor can understand. There are many

available free for this processor. In the examples shown

“ASM51” has been used. It can be downloaded from vari-

OUus S0Urces.

RAM would be required to run assembly code using the
LOADH feature but none is available in this project.
However, we have free code space in EEPROM starting at
1700h which is accessible through the in<ircuit program-
ming feature.

Getting Started

Always the hardest pari? You can't really program in
assembler without knowing something about the processor
and for this you will need at least a data sheet for the
processor and some knowledge of the 8051 / 8052
instruction set but the following example will get you on
your way.

Example program

We will keep on familiar ground by flashing the on board
LED again. As you know, to do this we need fo set P1.0 to
zero and back to 1 again.

; Example of flashing an LED
; Use Asm51
; P1.0 has the LED connected to it

.
L4

$SMOD8252
cseg
org 1700h
flash: ; pulse P1.0 up and down

setb pl.0
call delay
clr pl.0
call delay
jmp flash

delay: ; delay
mov r0,=z0£0h
del2: mov ri,20
dell: nop
djnz rl,dell
djnz r0,del2
ret

end

The operation of the program is conveniently explained by
means of a table.
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| First of all this contains all of the special names ossociated |
with thaf processar so this needs 1o be in place for our |
| 8958252 I

, Cseg | Tells the assembler that the following is code, there is a cor- .
' responding “dseg” for doio. '

| &MOD8252

' Org | This is the program origin address. TCB finishes ot about
' | 1650h so we don't want to be any lower than this other-
| wise we will domage T(B.

setb pl.0 | Seisthe bit 0 of pori 1 1o high, just as pzl=1 would do.

|call | Is the equivalent of gosub

| delay: This is o subroutine, nofice the *2', asm51 requires this.
' Because of the raw speed of the processor 2 deloys are
required. In fad this carries out over 61,000 instructions

before returning which gives a deloy of about 0.25 second.

| RO, #0£0h | ROs o general purpose register of which here are 8, RO- |
R7. There are in fact 4 banks of them but only one bank

can be used ot o fime. What this instruction does is o place
the value of FO (hex) info register R0. The ‘£’ is known os
an ‘immediate’ modifier. If you did R0,0f0h then the con- |
tents of memory address FO would go inio RO. (yes there s |

plenty of scape for error). |

(Dinz This is Decrement and Jum if not Zero so on the inner

1 loap R1 will be decremenied and if it is not zero then the
pragram will jump fo the lobel “del1-". Something fo note
here is that the register is decremented before zero is fest- |
ed so a register starfing ouf wilh a value of zera will be
dearemented o FF before being tested.

Assembling

Use Notepad or any text edifor fo create the above pro-
gram, save it with an ‘asm’ extension, for example
Flashled.asm. Now that the program is written it needs
converting to a format that the processor can undersiand.
To do this you will need to use the command prompt if you
are using the Windows operafing system. If you are using
DOS then you are already there.

Choose a directory to put the files in, you should have
Flashted.asm, Asm51 and MOD8252 in the same directo-
ry (unless you know how to set paths up). At the prompt
type “asm51 Flashled”. On pressing enter you should see
something similar to that of Figure A. Note that Asm51or
indeed any other 8051 assembler has to be obiained sep-
arately, it is not included with the software for ihis project.

This process produces fwo files using the same file name
but with different extensions thus: Flasled.hex and
Flasled.Ist. The LST file is where you will find any errors if
there are any and the HEX file is a special format devel-
oped by Intel to enable code fo be loaded into processors.
As a matter of interest the format consists of lines of fext
preceded by a colon.

:10170000D29012170CC29012170C80F478F0790066

The first two numbers ‘10" is the length of the code in hex,
the next 4 numbers is the memory address, in our case
1700 this is followed by a record type which is almost
always 00. The rest of the line consisted of the actual code
to be loaded at the given memory address except for the
last two numbers, ‘66’ which is a checksum fo verify that
the line has been received correcily.
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Load Up

The next job is fo load this program info code space. This is
where the special features come in. Click on the “101”
icon and the background will furn black. We are now in
flash programming mode. Press ‘p’ and the text will furn
yellow, this indicates that we will be using Program or
Code space (the flash memory area). Typing “v” “88

This will start flashing the LED whenever there is power
applied fo the board. Okay so a flashing LED has its limi-
tations but we're sure you get the idea.

<enter>" and then “99<enter>" will
enable you fo view the contents of the
code memory from memory address 0088
to 0099. This is where the sign-on mes-
sage of TCB is located. All numbers are in
hexadecimal format, see Figure B.

To program this area with our assemble

rogram type “h” This will pop a dialog
on that will allow you fo select the
Flashled.hex file. This will be loaded inio
the memory and you should get some-
thing like Figure €. Programming will
now commence automatically (and it does
take some fime to complete).

Running the program

First of all get back into terminal mode by
pressing ‘x’ or the ‘101" icon. To run this
program TCB has provided CALL. The
syniax is CALL n where n is the address
you want to jump to. The address we
chose fo put the program at was 1700h,
TCB works by default in decimal, to
change this fype HEX. Another word of
caution, everything is in hex from now on
until you reset or type DECIMAL. This
applies to normal basic program, hex line
numbers look very strange.

Type the following fo run the program:

HEX
CALL 1700

If you don't want fo use HEX then CALL
5888 works just as well, 5888 is the dec-
imal equivalent of 1700h.

The LED should now flash indicating that
you are running the assembler program.
Note because this is such a simple pro-
gram, the only way to stop it is to press
reset. Do this at the terminal using the
icon next to “101” or using the push but
ton on the main board. Once in flash
memory, the program will remain after
power is removed. Because of the slow
serial programming nature it is not really
suitable for large files. Although this can
be done, expect TCB fo take about 25
minutes for iﬁe basic.hex file. Some things
simply can’t be done using TCB alone,
this feature makes the project completely
versatile.

You can quite happily use a mixture of
TCB and assembler. You can for example
assemble the code at address 1700 and
use a simple 2 line basic program:

10 HEX
20 CALL 1700

/2004 - elektor electronics

1| Command /Prompt

“I >asnS1 flashled
sion 1.2h
1285, 1986, 1987, 1988, 19789,

> 1998
etalLink Corporation

and p

Se
ASSENBLY

HPLETE,. @ ERRORS FOUND
D:\NAYUACNPRACTI "1 \FLASHL™L > _

= Send Text > C:\Templtest.fch |

Seltings: 9600,n.8.1

33



Paul Goossens

Projects for electronic dice have
previously appeared in Elektor
Electronics. Different designs and
shapes have found their way into the
magazine, but one thing they had in

common: they were all two-dimensional

dice. But now that is about to changel!




Electronic dice are usually constructed
on flat boards. To give the impression
of a ‘real’ dice, seven LEDs are often
used in a pattern similar to that on a
dice. The original intention was to
base this circuit on a traditional ‘flat’
design, until somebody from the edito-
rial staff suggested that you should
really be able to throw a dice. After all,
a dice is not an item that lies still on
the table.

‘But that is the advantage of an elec-
tronic dice!’ you'll say. You don't need
exira space to throw it and it won't roll
off the table either. And this was
exactly how our design staff reacted to
this unusual suggestion. But the editor
was adamant: this dice has to roll!

Fortunately the team at Elektor Elec-
tronics handles such situations
smoothly and it wasn't long before the
lah were prepared to have another
look at it.

It didn't take long before the first ideas
were put on paper. One obvious design
for an electronic rolling dice is to mount
LEDs onto a cube, showing the proper
value on every side. The LEDs are
driven via current limiting resistors
from a 9V battery and Bob's your uncle!
It quickly became apparent that with
a homemade dice it was extremely dif-
ficult to get the centre of gravity
exactly in the centre. Such a dice
would therefore have a bias. The
chance that the lightest side ends on
top is greater than for any of the other
sides. The value on that side will there-
fore occur more often than the value on
the ‘heavier side.

How else?

After some more thought we came to
the conclusion that a dice with seven
LEDs on every side was the best
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option. After throwing the dice, the
six sides would each take on a differ-
ent random value. In this way you
can guarantee that the dice is com-
pletely ‘honest’'.

This solution does require a bit more
electronics. First of all, you have to
detect when the dice is in the process
of being thrown. For this we used a
mercury tili-switch. This also makes
it possible to ‘roll' the dice just by
shaking it.

The electronics then has to generate
the random numbers that appear on
the six sides of the dice. The use of &
microcontroller comes to mind straight
away. This keeps the circuit relatively
small, which comes in handy for a dice.
Another pari of the design that
required some thought is the method
used to connect the boards together. It
doesn't look very nice if dozens of con-
nections go from a main PCB to the
other five boards. To keep the number
of connections down we've chosen
serial connections between the boards.
On every board a shift register takes
care of driving the LEDs. This way only
four connections are required: two
lines for the supply, one for data and
the fourth for a clock signal.

Another area that needs to be consid-
ered is the current consumption and
on/off switch. In this design a standard
swiich can't be used of course,
because nothing may protrude from
the dice. It would otherwise roll very
strangely and at worst switch itself off,
We got round this problem with the
addition of a (recessed) push-button to
turn the circuit on. It is turned off com-
pletely automatically.

Main PCB

After these considerations we arrived
at the circuits for the dice. At the hart of
the circuit is IC1, a microcontroller by
Atmel (Figure 1). We have used this

Three-dimensional
electronics

type previously and have given a
detailed description in past issues of
Elektor Electronics. It therefore suffices
just to mention that the software for
this project can be freely downloaded
from the Elektor Electronics website.
As this controller has an internal flash
memory for the program there is no
need to add external memory. Crystal
X1 in conjunction with C2 and C1 pro-
vide a clock signal. IC1 drives the 7
LEDs directly via its I/O pins. As we
have used low-current LEDs there is
no need for an exira buffer.

The supply section may appear a little
unusual at first. This is because we
want to tum the circuit on with a push-
button and let the microcontroller itself
turn the supply off. The part of the cir-
cuit round T1 and T2 provides this
functionality. K2 is the connector for
the 9 V battery. When push-button S1
on board 2 is pressed, a small current
will flow from + 9 V via the base/emit-
ter junction of T1 and R8 to ground.
This causes T1 to conduct, feeding a
current to voltage regulator IC2. This
then supplies the rest of the circuit
with5V.

When the push-button is released, the
current can no longer flow through R8.
It is of course undesirable that the cir-
cuit would then lose its power. Just try
to keep the push-button held down
during a throw; it's not exactly user-
friendly for a dice.

To get round this problem we've added
resistor R9 and transistor T2. T2 is
driven via the microcontroller. When
the circuit is switched on, T2 is also
turned on, causing a current to flow
from the base of T1 to ground via R9
and T2. The supply is then no longer
dependent on S1 being pressed.

When the processor notices that it has-
n't moved for a while (several min-
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Figure 1. The main beard is more complex.

utes), it stops driving T2. The dice then
turns itself off automatically. When
switch S1 is pressed again, the whole
sequence repeats itself.

When the supply is applied a reliable
reset signal is generated for the micro-
controller by Cb and R10.

The CLK and DATA signals are fed to
the next board via connector K3. K3
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also has connections for the supply
and the on-switch (pin 5). The switch
had to placed on hoard 2 due fo a lack
of room on the main board.

Other boards

The circuits for the other boards (2 to
6) are almost identical. The main differ-

ence is that circuit 2 has a switch,
which isn't present on the other
boards.

Figure 2 shows the circuit diagrams
for board 2 and the other four boards.
There is obviously no need for a feed-
through connector (K2) on the last
board.

At the centre of the circuit is the shift
register, a 74HCT4094. This type of IC
has a paraliel output register. Every
rising edge at the clock input causes
the 8 bit data in the IC to shift by one
bit. The first bit then takes the value of
the data input. The last bit shifted out
is connected via pin 9 to the data input
of the shift register on the following
board. This effectively turns all boards
into one large shift register.

Consfruction

The construction of the boards differs
in a few ways from the usual method.
In several places we have used stan-
dard components, which have to be
surface mounted. The reason for this is
that we'd rather not have any leads
sticking out through the boards. This
would result in a number of sharp
points on the outside of the dice,
which would damage your furniture
when the dice is thrown, and this obvi-
ously isn't our intention. To make
things clear, we've included a series of
photos of the construction of the proto-
type in Figure 3, as a picture is often
worth a thousand words.

The component layouts for all boards
are shown in Figure 4. First of all, the
SMD components are soldered fo the
boards. Then it is the turn of the IC
sockets, which also need to be surface
mounted. You need to bend the pins
outwards and cut them to length (take
a measurement from the board first!).
Next it's the turn of the 42 (!) LEDs. The
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leads of the LEDs need to bent in the
right form, as shown in Figure 5. Take
great care that the anode and cathode
are positioned correctly on the board.
The case of the LED is then stuck
through the hole. The ends of the leads
should now be flat on the board, where
they can be soldered. At this stage it is
not important if the .LEDs are not all at
the same height. After soldering all
LEDs they are pushed outwards such
that they stick out just a little above the
surface of the dice. If we now press the
board onto the table, the LEDs should
all be at the right height.

Apart from the ICs in DIL packages,
there are a few other componenis that
have ‘normal’ leads. As we don't want
the ouiside of the dice blighted by pro-
truding leads and solder, these also
have to be surface mounted. This
includes the crystal and the mercury
tilt-switch. The leads of these compo-
nents have to be cut fairly short, and
the ends turned through 90 degrees.
These ends are then soldered onto the
board. Take care that you don't shorten
the leads too much!

Connecting the
boards

Once all boards have been populated
it's time to connect them together. Fig-
ure 4 shows how this is done. You
should use individual pieces of wire for
this, with a length of about 5 cm. If the
wires are too short it makes it more dif-
ficult to fix the hoards together at a
later stage. There would also be a
greater chance that one or more of the
wires became loose!

Lastly the ICs are plugged into their
sockets. (Make sure that you plug
them in the right way round!)

Nowr that the electrical construction is
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Figure 2. Above is the circuit for board 2, beneath it the circuit for the other four.

finished, the circuit should be tested.
It is wise to do this before the dice has
besn fully assembled. At this stage the
electronics are still easily accessible,
should you need to make any repairs.

After you have carefully checked for
short circuits you can connect the 9V
battery. When you press the switch (on
board 2), the circuit will come alive and

a random number of LEDs lights up on
the boards.

If you then shake board 1, the dice will
simulate a roll. The numbers on all
sides will change regularly. After a few
seconds the changes slow down and
the result of the roll is shown on the
boards.
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3D

The electronics may now be com-
pleted, but it doesn't look anything like
a dice yet. The boards now have to be
fizxed together into a cube. Board num-
her 4 is placed flat on the table and
beards 2, 3, 5 and 6 are fixed at right
angles to it (see Figure 6).

Use a plastic angle section (available
from most DIY stores) to fix the boards
together. You should cut the angle sec-
tion into small lengths and use these
to glue the boards together.

You shouldn't glue the last board
(board 1), since this has to be removed
every time the battery needs replac-
ing. You need to glue a piece of angle
section on the other-boards, such that
they line up with the 3 mm holes in
board 1. Now carefully drill a 2.5 mm
hole through each angle section at the
point where it meets the mounting
hole of board 1, then make a 3 mm
thread in it. If you want a stronger
thread you can glue a flat piece of plas-
tic onto each angle section, which
should be drilled and threaded as well.
The inside of the dice should be filled
with cotton wool or foam rubber, pre-
venting the 9 V battery from moving or
causing a short circuit. You can now
screw board 1 into place.

And finally

You could give the dice a nice lick of
paint, as we did with our prototype,
but we leave that to your own prefer-
ence. In any case, we hope that you
enjoy constructing it and have fun
using the dice in many games!
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COMPONENTS
LIST

PCB # 2

Resistors:

R1-R7 = 1kQ25 SMD
R8,R? = 10kQ SMD
R10 = 1kQ SMD
R11 = 100kQ SMD

Capacitors:

C1,C2 =22pF

C3,C4 = 100nF SMD
C5 = 10pF 16V radial

Semiconductors:

D1-D7 = LED, 3mm, red, low-current

IC1 = AT89C2051-12PI, programmed,
order code 040248-41

IC2 = 78105

T1 = BCP28 (Conrad Elecironics #
15322588

T2 = BC5478

Miscellaneous:

X1 = 4MHz quariz crystal

S1 = mercury switch (Farnell # 178-338)
9V battery with clipon lead

20-way IC socket

ABS [hard plastic) angle section
2 M3 screws [countersunk head)

PCB # 2 through # 6
[per board)

Resistors:

RI-R7 = 1kQ5 SMD

Capacitors:
C1 = 100nF SMD

Semiconductors:
D1-D7 = LED, 3mm, red, low-current
IC1 = 74HCT40%94
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S O OSSR EERES
. Order of
construction

- Solder the SMD resistors and
capacitors

- Solder the IC sockets - Connect the boards together

- Bend and solder the LEDs — Add cofton wool and the batte

- Prepare the connections - Fix the last board into place
- Bend and cut the pins of the IC behl:veen tho Bordle P

sockets - Final test
- Testing

Miscellaneous:

16-way IC socket

S1 = swiich type DTS61K (only on board
9

PCB, order code 040248-1 (contains six

sections for a complete dice)

Disk, source and hex code files, arder
code 040248-11 or Free Download

Figure 5. Bend the leads of the LEDs

according fo this example.

@ 04024818

Figure 4. Component layout. Four of ihe six boards are almost identical.

4 V= . i I

Figure 8. The six boards make up a
L

cube.
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kitchen-table

Bike Tai

Ralf Nolde

P As
Y qutumn

r.

¥ approaches
| "~ cyclists become
¢ more aware of
safety and in

| particular their visibility
to other road users.
Dynamo lighting offers the
cheapest running costs but has
the disadvantage that when the
wheels stop rolling the lights go
out. This neat circuit stores energy
while you are moving to keep the

light shining even when you stop.
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B80C1500 3sv

Ti
= BC547B

ith Standlight

ci
==
_—
100u

2x 1N4148 030093-11

Figure 1. The circuit looks similar fo a stabilised mains power supply.

It is not too difficult to construct a sim-
ple and reliable rear light unit for a
cycle dynamo using high visibility
LEDs. They have a much longer lifes-
pan than filament lamps and this
design uses a high value capacitor to
store enough energy to keep the lamp
burning for a few minutes after the
cycle has come to a standstill.

The circuif

The circuit diagram for the rear light is
shown in Figure 1. A typical cycle
dynamo will only have a single output
terminal; the return path is made
through the dynamo body and cycle
frame. A connection to the frame will
form the earth input while the dynamo
output is wired to the D input on the
circuit. Rectifier B1 produces a full-
wave rectified DC voltage and capaci-
tor C1 provides some smoothing.

The Goldcap capacitor C3 is charged
from the rectified dynamo output
through resistor R1 and transistor T1.
The zener diode D4 fixes the base of T1
at 6.2 V and its base-emitter drop of
0.7 V ensures that the voltage output

9/2004 - elektor electronics

at the emitter does not exceed the
5.5 V maximum voliage rating of C3.
Capacitor C2 smoothes the voltage ref-
erence and resistor R1 limits the charg-
ing current through the transistor.

The constant voltage produced by T1
is used to charge C3 and also provide
energy to light LED D3 when the bike
is moving. D3 is an 8 mm diameter
ultra bright red LED with a clear lens
and a supply current of 26 mA. The ‘F’
suffix indicates that this model has a
high luminous intensity in this range of
LEDs manufactured by Kingbright
(available from Maplin). The LED is
driven by a constant current source
formed by T2 and this ensures that its
brightness is largely independent of
the voltage stored on C3. Dicdes D5
and D6 fix the base of T2 at approxi-
mately 1.4 V which in turn defines the
voltage drop across R4 at 0.7 V
because it is equal to 1.4 V minus the
base-emitter conduction voltage of T2
(Vgg = 0.7 V). With the voltage across
R4 fixed a quick application of Ohms
law indicates that the current through
R4 (and therefore D3) is constant at
around 26 mA,

With the bike at standstill LED D3 is
powered from energy stored in C3.
Using the components specified D3
remains lit for at least two minutes
before any decrease in brightness is
noticeable. This afterglow period is
defined by resistor R4, increasing its
value to 33 Q or 39 Q will prolong the
afterglow at the expense of reduced
LED brightness. The light intensity of
D3 is much higher than a conven-
tional filament lamp buit has a
smaller beam angle. The two ‘driv-
ing" LEDs D1 and D2 are powered
directly from the dynamo output and
are positioned either side of D3 to
increase the effective beam angle of
the rear light assembly when the
cycle is moving.

Current consumption of the circuit is
approximately 45 mA and with a
dynamo output voliage of 6 V this
gives a total power consumption of
around 0.3 W. This figure is about one
half of the power consumed by a con-
ventional filament type rear lamp and
reduces loading on the dynamo. The
effect of this is that the voltage to the
front lamp will be slightly increased
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UK laws at a standstill?

In the UK lights on a bicycle are not required when stationary and to comply with the law the lamp
should have a filament! British Standards have been updated to allow LED light sources and these have
been commonly in use for a number of years but to be legal the lamp should have a filament. So a lamp
‘with a BS approval could be illegal. The law is seldom if ever enforced on this point and rightly so
because it's safety that matters. Cyclist also use flashing lights even though they are also technically ille-

gal. Surveys indicate that most cyclists (about 90%) use battery powered lights.

The two documents concerning cycle lighting are the 1989 Road Vehicle Lighting Regulations and British
Standard 6102 part 3. Any form of home-made lighting will not have BS approval. The Bike Tail Light
described in this article should only be used as a secondary means of lighting which is fitted together

with a BS approved system.

COMPONENTS LIST

Resistors:

Rl =120

R2 = TkQ

R3 = 3kQ9

R4 =270

R5 = 3900

Ré = 1500 1W

Capacitors:

C1 = 100yF 35V radial

C2 = 22uF 16V radial

C3 = Goldcap 1F /5.5V (Conrad
Electronics # 473120)

Semiconductors:
81 = B8OC1500, round case [BQV iv,

and it will burn brighter for a given
speed. This will reduce the front lamp
lifespan if you habitually descend
long hills at high speed. Resistor R6 is
fitted as a "dummy load' to avoid this
potential problem but if you never
break into a sweat while pedalling
and your cycle is the type fitted with
wicker baskets, you are unlikely to
need this precaution and R6 may be
omitted.

Consfrucfion

The circuit can be built on the single-
sided circuit board. The PCB layout
accepts conventional wire-ended com-
ponents with some of them fitted to
the underside (alternatively you can
keep them all on the same side by fit-
ting R5 over the top of D5/D6 and R6
under rectifier B1).

The PCB is quite small but this should
not pose any problems when mounting
the components. It is important to dou-
ble check that all polarised compo-
nents (diodes, transistors and elec-
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1.54)

D1,D2 = LED, red, 3mm, Kingbright |-
9345RC (Reichelt, LED 3-3500RT)

D3 = LED superred, 8 mm, Kingbright L-
7935RCF (Maplin # N46AT)

D4,D5 = 1N4148

D6 = zener diode 6.2V, 500mW

T1,12 = BC5478

Miscellaneous:

Bike rear light case, Busch & Milller type
339, www.bumm.de/docu/
ruecklicht] .him (UK distributor: Amba
Marketing)

PCB, available from the PCBShop

Figure 2. The small PCB is designed to fit into a standard rear light assembly.

trolytic capacitors) are fitted the cor-
rect way round before power is applied
to the circuit.

A 9 V battery or mains unit can be
used to test the unit. The power source
is connected in place of the dynamo,
polarity is not important because the
bridge rectifier ensures that power will
always be correctly supplied to the cir-
cuit. At power-up all the LEDs should
light and after a short charging time
the voltage across the Goldcap can be
measured (approximately 5.5 V) while
the voltage drop across R4 should be
lessthan 0.75 V.

Once the circuit has been tested, mask
off the LEDs with tape and give the
whole unit a few coats of spray lacquer
to protect it from the effects of the
weather. Once the lacquer is dry the
unit can be mounted in the taillight
housing. The PCB is dimensioned to fit
in a housing type 339 made by the
company Busche & Miiller and distrib-
uted on the UK by Amba Marketing. It
can also be adapted to fit into any sim-
ilar rear light housing.

For the housing specified, the PCB is
fitted behind the reflector part and
fixed with a small (rust proof) self-tap-
ping screw. Cycles are subject to sur-
prisingly high levels of shock and
vibration so it is a wise precaution to
support all the major componenis like
capacitors transistors and LEDs with
an application of hot-melt glue after
the circuit has been fitted and wired
to the dynamo. Lastly fit the rear light
lens and ensure that the LED is cor-
1ectly aligned with the reflector lens
opening.
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FRUSTRATED!

Looking for ICs TRANSISTORs?
A phone call to us could get a result. We
offer an extensive range and with a world-
wide database at our fingertips, we are
able to source even more. We specialise in
devices with the following prefix (to name
but a few).

'_DTAD'I’CGLGMHAHCFHDHEFICLICM IRFIKA
KIALLALBLCLDIFIMMMSMMA-MAB'MAXMB

We can also offer equivalents (at customers’ risk)
We also stock a full range of other electronic components
Mail, phone, Fax Credit Card orders and callers welcome

PicoServ provides all that is required to enable an Internet web
server to be integrated into your system or product, providing
remote control and remote access via the Web or mobile phone

Simply Embed the
Internet with

PICOSER\/

Creating a web browser or mobile phone
based interface is simple using the
maodular PicoServ system.

The PicoSetv web module takes care of
o Network interfacing

o Iniemet protocols

o Web page sioraga

PicoServ 10 modules provide simple
analogue and digital interfaces o the real
worid and the SMS gateway module
allows remole access using a mobile
phone.

Basic HTML programming is all that is
required for you to be rapidly in control

of your sysiem
from anywhere!
LK
ALARM MOMITORING ®  Fnd OUl mare..
srasicrews o Wiww,compulogic.info
Lowpower e  infoEcompulogic.co.uk
SMAILSIZE @  OrcFl +44 (0) 1234 755048
®
e
= lektor
lectronics uuwmms
i (plus postage)
z Elektor Hardware & Software
-0 L = - L]
L Mo L] o L) - q=
Contents of Starter Kit:
8958252 Flash Microcontroller board (ready-assembled and tested Order no g the Order Fo
PCB), 300-mA mains adapter, serial cable for COM port an a sofiware e Read ervices sectio
bundle on CD-ROM. Article compilation on CD-ROM:
* 8988252 Flash Microcontroller Board (December 2001)
* Microcontroller Basics Course parts 1-6 (January through June 2002) ekior Electro ub ) I=0. Box:1 30
* Microcontroller Basics FAQ (September 2002) bridge :
¢ Port Line and ADC Extension for 8958252 Flash Micro Board eiephone +44.(0) 1580 2006
(December 2002) 0) 1580200 616
* Chess Computer using the Flash Micro Board. 0

9/2004 - elektor eleclronics




Read e ktor

electronics.
leading the way



't you

her know
t’s inside?

=

l elAlekts

eliNG lectron

Have MS Word,
will pregram

DAB:
e

TIPS & IDEAS

Bxmper Summet lisoe

5

—

lectronics

|é|(t0l'.“£—.&‘“.

Take out an 18-month
subscription to elektor
electronics and receive
a free 128-MB USB
Memory Stick.

Please fill out the Order
Form with this issue.

Subscription rates and
conditions may be found
at the back of this issue.



Visit our website
www.distel.co.uk

10” 7 SEGMENT DISPLAYS
P you

siuction project Surpiled in oood RFE condifion, complists wan Geia shest.
Lessthan30% QOnly £29.95p) or 4 .\‘ £99 OD(D)
of makers price ! Ot RS

THE AMAZING TELEBOX

TV SOUND &

VIDEO TUNER

CABLF COMPATIBI E *

Convarts your mlnur munﬂur into a QUALITY COLOUR TV1!
The TELEBOX E en afracfive 8y casad mars poversd unit, conksining 21
mmnmmammmmrm\nw which
ars fifad wih a compests vidso MMTmmmmx
ﬂmmmmm\mmmmmw
channels not ELE-

u’EY—JI,r
COWErS VIR

m‘pﬂy
«rmmw::nlm mtﬂs}ﬁA}nma.duMaﬂmla-ﬁHH
2uT0 outnut ars provided as sandand. Brand new - fully guarentssd.
£35.95

TELEBOX ST for composite video nput rrmixs
TELEBOX STL as ST but fittad wm £39.50
ﬁg)erbmd tuner 259.9:

sound specifical

TELEBOK MB Muitband VHFMHF
rverseas PAL versions stata S5 or6
< | hyparband signal reception Telsbox MB should hecm-
o a cabls type service, Shipping on all Telsbox’s, code (B)

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC’s -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK
10,000,000 items EX STOCK

For MAJOR savinGs
CALL or see web site www.distel.co.uk

§ COMPUTER MONITOR SPECIALS

Legacy products
High spec genuine multysync.

CGA, EGA, VGA, SVGA

MeEsubishi FA.'.’-HEI'IG. 14" SVGA Multisyne colowr moniior with fne

mmmmmm:mm—m
wammmu hiost of computss
Inciudi BHFG%MCGA,EGA,VGA&SVGA
modes, COMMODORE Amrics 1200},
ARCHIMEDES and APPLE. Many festwes Eiched
mﬁa‘:uumaﬁLmﬂ_iﬁgmﬁgﬂ MPR
spaciicafion. Fully ousranie=d, in EXCELLENT e
usad condfon. Tit & Swivel Base £475

VGA cable for IBM PC Inciuded. Only £129 5 O?:dérnas
Extemnal cabiss for other types of = SALL

Generic LOW COST SVGA Monitors
We choose the make, which includes Compag,
Mitsubushi, IBM, etc. Supp ied ready to run with all
cables. Standard RTE 90 day guaranise.

147 15" 17"
£59.00( (£69.00| |£79.00

order TDB4 order TG21 order TJ66

Surplus always
wanted for cash!

19" RACK CABINETS

Europe’s Largest Stocks of

quality rack cabinets,
enclosures and accessories.
Over 1000 Racks from stock

This month’s special @/G
33/ 42/ 47 U - High Quality &%] Ve
All steel Rack Cabinets

Msads by Eummﬂ Enclosures Ltd {o the highest pos-
sible s rack festures all sieel construction mtn

side, i and back doors. Frontand -
Dack doors are hinged for easy sccess and afl |
lockable with five secure 5 lever barrel locks.
Tne front door is constructed of doubla walled
steel with a "designer style’ smoked acryfic front |
panel to enable siailus indicalors to be seen |
through the panal, yst remain unoblrusive.
Internally the rack fealures fully sioited rein-
forced vertical fixing members to take the heavi- |
est of 198”7 rack equipment. Ths two movable |
variical fixing struts (axtras svaﬂab!a} m‘E-s
punched for standard ‘cags nuis'

sacton
for fitlin
include: castors and fioor levelers,

Supplied in good used condition. Shipping code (D)

wreerfnrcab'efccm'mss

VIDEO MONITORS

PHILIPS HCS35 (sama azc as CMEE33) allraclvely siyled 147

colour monitor wi GB and standard eornpoﬂh 15.825
Khz video inputs via SCART socket and separste phono 4
for all audio visual uses.

Intagral audio power and
VWil connedt direct to Amiga and Atari BEC com . Ideal for afi
vidso itoring 5 connaction

State of the art PAL (UK spac UHFTViurnr

@M‘.ﬁ compesite 1V pp video &
ouipuis. Micro electronics all on nna smai PCB on

hi fi siareo sound
3x

.Dchzmenabshﬁnmmuvaasimmzm io
an IBM pc lyps compulsr. W:&Sglewrkhg
program and documentaion. + & + 5v toopm

BRAND NEW - Order as .95 code (B)

See www.distel co.ukldsta myoa him for picture + full detalls

HARD DISK DRIVES 2%"-14" [

1.1Cb lapiop{12.5 mm H) New £59.95
TOSH]BA“K—J‘I‘"AI 4. .)Gb fapiop (8.2 mm H) New£105.00
272" TOSHIBA MK&40SMAY 6.1GD japtop (12.7 mm H) New £98.60
2‘,'Tosmmmx1aumv'iseniam 12mmH) NewE149.95
235" to 3%5" conversion kit for Pc’s, complate with conneciors £15.95
3" COMPAQ 313706821 ﬂsu)eﬁuwscsn New £199§g

3% FUJI FK-308-26 20mb MFM UT £59
35" CONNER CP3024 20 mb IDE UF OF equiv. RFE £59.895
3% CONNER CP3044 40 mb [DE F are%F’v £69.00
35" QUANTUM 408 Prodrive New Rr’: £49.00
5% MINISCRIBE 3425 20mb MFM UF (or equiv.) RFE £43.95
5" SEAGATE ST-238R 30 mb RLL UF Refurb £69.95
&

) S tesied

5" HP C3010 2 Ghyte SCSI differential AFE tested £195.00
8" MNEC D2246 85 Mo SMD inierface. New £59.00
B" FUJITSU M2322K 160Mb SMD UF RFE tested £195.00
8" FUJITSU M2352K 2 Gb SMD VF RFE tested - £345.00

Mzny other floppy & H drives, IDE, SCSI. ESDI etc from stock,
see website for full stock list Shipping on all drives is code (C)

EST EQUIPMENT & SPECIAL INTEREST ITEMS

MITSUBUSHI FA3445ETKL 14
FARNELL 0-80V D 50 Amps. bench Power Sup;
FARNELL AP3080 V DC @ 80 Amps, bench :nur.\"_.’
KINGSHILL CZ403/1 0—50\'@ DG 200 Amps - NEW
1KY to 400 K¥Y - 400 Hz 3 phasa power sources - ex stock
IBM 8230 Type 1, Toksn ring base unit driver
Wayne Kerr RAZ00 Audio Y TESpONSe analyser
INFODEC 1U, 24 port. RIM5 network paichpanels. STH33
ICOM 16670 12 Port Ethemet hub - RJ45 connsclors 51057
3COM 16671 24 Port Ethemnat hub - RIS connectors

3COM 16700 8 Port Ethemel hub - RJ45 m‘:nech‘z*" NEW
IBM 53F5501 Tokan Ring ICS 20 port lobe mod

IEM MAU Toksn distribution panai 3225—2&50-{"4

AIN 501 Low distorbon Oscilator 8Hz 1o 330Khz, IEEE D

spac SVGA monk £245

£935
£1850
£3350

£POA

to mest colour camaras. ity Wi mry fesh
fmﬂ"i concealed i'h,p mntrols CR mﬂnc‘[uﬂ bution

Only £99. 00 , i

PHILIPS HCS31 Ultra g w‘-uc.r video momitor with stan-
dard composite 15,325 Khz video input via SCART sockst
for all monitoring / securily appications. High quaBly, ex-equ
ed & guarameq! (possible ménor scresn t-'!_F-F in z.L’E:-
tve square black plasiic case messuring WI0® x H10™ x 131" D.

240V AC mains powsred. Only £79.00 o)

INDUSTRIAL COMPUTERS |

Tiny shocbox sized industnial 40 Mbz 385 PC sysiem measuring
onéy {mm) 266 w X 88 h X 272 d. Ideal for dedicated control appk-
cations running DOS, Linux or even Windows | Steel case con-
tains 85 to 265 V AC 50 / 60 hz 70 Wzt PSU, a 3 siol ISA passive
backpizne and a Rock ETo(r'CtD-}E';n“afd sng!ehoazr!m
Ei\l:!:vmhﬂhmﬁa VOLATILE sofid sizie ‘Disk On

DISK. Rodin‘l&{Pm

m
with 40MHz in SIMM siot MNbyle
SIMM, AMI BIOS, bstteryhadcef fime dock. 2x8pin D
stserzlwts con-
5"‘3

usad condition - fully tested
Dimenslons: w14'x!-|12}"x 15%'

EPPECP pmlu puﬂ. mini DIN
port, poﬁforhmddnvasmh 528
tmer and PC/04 bus socket

mn s of
firewall

ications inc
icatons inc: “Only £99.00 )
Unless marked NEW, items in
this saction are pre owned.
Amps bench powe £1950
anced Multhus (I-‘SA} New £1150
Nikon HFX-11 1iphot) exposure control uni £1450
PHILIPS PM5518 pro. Wssgna_ generator £1250
VME Bus Boards & Components List SAE/CALL EPOA
30 amp bench PSU. New 50

HPE030A G-200VDC @
intel SBC 486/425C08 En

VG Electronics 1035 TELETEXT ing
LightBand 60 output high spsc 2u rack mount ¥
Sekonlc 8D 150H 18 channe! digital Hybrid chari recorder  £1935

33U
Order as BC44
|Extemnal dimen:
mm=1623H x
BO3 W. (64" Hx 2

Dx23W)

Only Only

£245 | £345

X.
(795" Hx
Dx23% W)

Call for shipping quotation

Undoub 'ﬁd!v 2 miracle of madem Eahrmlugy &
izl burying power LA pl‘Dlel:‘t fea-

a
'nt sensing for
__usein IDH ght & high light
applications. A 10 mm fixed focus
angle lsns gives excellent focus
and resolution from closa up io long
range. The mmpcﬁﬁl video oulput wit
connect to any composia monitor or TV
(via SCART sockst) and most video
recorde nit runs 12V DC =2
ideal for sacmrty & purllbla nppliu-
tions whare mans power not avaiabls.
mim wide x 117 deep x 43 h%gh Supplied
BIEiisE-

Overall dimensions €8
BRAND NEW & fully gusranised with user data, 100's of
fions m‘w.‘g Security, Home Video, Yeb TV, Web Cams ele, eic

asLK3z  ONLY £79.00 or 2 for £149.00 5

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged‘ ONLY £89.00 =
ENCARTA 85 - COROM, Not the latest - but at this price | £7.95
DOS 5.0 on 3%" disks with concise books oiw Q8asic £14.35
Windows lwWoﬁoupﬂ 3.41+Dos 6.22 on 3.5" disks £55.00
Yindows 85 COROM Only - No Licence - £19.95
Wordperfect & for DOS suppied on 335" d with £2495
shipping charges for software is code

SOLID STATE LASERS

le red, 670nm d - Unit uns from 5V DC at
mmo@r&.&mdahfm-msmnmmmw-
code scanners, the laser is mounted In a removable soild aluminium
bmmmmarﬁmm%ﬁmmtumw
block are 50 w x 50 d x 15 h mm. Intagral res include over tam-
shutdown, mmmn:rd,thKmm andg.s:ad'l"ll
Manym!w fi
c: _EJ‘-"‘?;EIE‘E-T-«’?E:L

Order as TDS1 ONLY £24.95 (2

DC POWER SUPPLIES

Virtually every type of power supply you
can imagine.Over 10,000 Power Supplies
Ex Stock - Call or see our web site.

RELAYS - 200,000 FROM STOCK

Save £EEES by c‘munrﬁ your rexi reiay from cur Massive Srocks
covering types such ary, Octal, Cragis, Hermelically Sa

C Corntaciors, Time Delay. Reed, Mo ry Wetted, Sof
Stals, Printed Circuit Mount g efc. . CALL or see our web site
wiww.distel.co.uk for mors information Many cbsolele fypes from

ALLGON 8360.11805-1680 B&K 2633 Microphons £300
Trend DSA 274 Data Ana) Taylor Habsnn Talysurf &wef recorder £750
Marconi 6310 T generator ADC 55200 Carbon dicdda gas datector f monior £1450
Marconi 2022C {0KHz-1GHz RF signal generator BBEC AM20/3 PEM WH%‘M Tumer) + drive electronics  £75
HP 16508 Logic Analyser ANRITSU 2654A Optical /b waveform monitor £5650
HP3781A Pali=m generalor & HP3782A Emor Dataclor E£POA  AMNRITSU MLS3A gpt £990
HP&621A Dual Prograr biz CRPIB PSUGT V 160 watts £1800 ANRITSU Fire opfic d'tamdm iest sat EPOA
HPG264 R 1e B-?GV 2&\ matered PSU RA&S FTDZ Dual sound uni £650
HPS4121A G R&S SBUF-E1 Vision moduiator £775
HPB130A opt 020 J_-*D'{Hz Dubo '.Dr, GF“EB: ' WILTRON 6630B 124/ 20GHz RF = £5750
- from £550 TEK 2445 150 MHz 4 trace oscll £1250
TEK 2465 300 Mhz 300 MHz osz0pa rack mount £1955
TEK TDS380 400Mhz digital resitime < disk drive, FFT 2fc  £2900
TEK TDS524A SC0Mhz digital reaifme + colour display efc  £5100
HP3585A Opt 307 20Hz to 40 Mhz spacirum analyser £3950
Fiskers 45KVA 3 ph On Ling UPS - New b PHILIPS PW1730/10 SDKV XRAY generator & accessories  £POA
Emarson AP130 2.5KVA industisl sp= £1493 VARIACS - Largs range from stock - call or ses our website
Mann Tally MTE45 High spasd Ene printer £2200 CLAUDELYONS 12A24W§r$phamam voit regs £325
Intzl SEC 486MIISE Multbus 486 sysiem. 8Mb Ram £945 CLAUDE LYONS 100A 2404 3 phase aulo. volt. regs  £2900 siock Save
: ALL MAIL TO 18 Million Items On Line Now !
.

(LIITTT
seessns

= 'E[ TRONICS -
B 4 2
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(OFE1500.(E}

. Dept EK, 29/ 35 Osborne Rd
Thornton Heath
Surrey CR7 8PD, UK
Open Mon

- Fri 9.00 - 5:30

Uriversties and Loeat

(EFE

Aufrertes - acoours order £100.

Secure Ordering, Pictures, Information

erisign www . distel.co.uk

Socure Site

email = admin@distel.co.uk

Al prices for UK Maniend. UK asiomears add 17.55% VAT b TOTAL order amourt. Minimum ardsr £10. Bons Fids aocoount ordsss aocegied fom

T over £100 are subled b 7 working days desrence. Camiags dhargess (AFEAS), (BFEESD, (CFE10,
£18.00. (FFCALL Aliow spprox 3 days for shipoing - Eesier CALL Al goods suppiled © our Sncard Condo ns of S2is which &n be viewsd 2o website and
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BS2-IC  BS2SX . BS2E-IC B52P/24 BS2P/40

Parallax BASIC Stamps - still the easy way to get your project up and running!
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Serial Alphanumeric and Graphic Displays,
Mini-Terminals and Bezel kits
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~ Animated Head 3-Axis Machine Six-legged Walkers Robotic Arms

Robotic models for both the beginner and the advanced hobbyist

Servo Drivers Moior Drivers On-Screen Displays DMX Protacol U/Sound Ranging

Animatronics and Specialist Interface-Conirol Modules

MP3 & Speech Systems Voice Recognition Ubicom Tool Kifs = PIC & Rom Emulators PIC BASIC Compilers

Quadravox | Sensorylnc ‘Parallax Tech-Tools BASICMicro

Development Tools

Milford Instruments Limited Tel 01977 683665, Fax 01977 681465, sales@milinst.com




uetooth Remo

Bluetooth is a huge commercial L=
success but so far hobbyists and lab * “““
workers have been barred from P
access fo ready-made modules for

this wonderful new medium. The
reason!is simple: manufacturers like to
treat their products as black boxes and
are only inferested in their 100-k/day
production lines in the Far East or China. We oppose this attitude
by publishing this article, written using the motto: Bluetooth
modules for everyone! A tracking robot does the frick.
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from your PDA

Flick through any electronics magazine
— professional or hobbyist — and you
will see a wide range of single-board
computers and microcontroller boards.
For many applications, they make prod-
uct development so much simpler than
it used to be, say, 5 or 10 years ago.
Attach a few auxiliary components and
a control panel, write the computer pro-
gram, and you're finished.

What makes the process easier is that
the computer board is programmable,
so one off-the-shelf component can be
applied to many tasks. Could this con-
cept be taken even further? A few aux-
iliary components will always be
needed in any product, but what about
the control panel (user interface)?
Couldn't an ofi-the-shelf programmable
component be made to replace custom
control panels on electronic devices
like PDAs, GSM, but also custom-made
microcontroller sysiems?

The ‘FlexiPanel BASIC Stamp Edition’
module from FlexiPanel Ltd. could pro-
vide the answer. In this article we'll
concentrate on the Bluetooth version of
Flexipanel, see the Device Pinout
inset. Using Bluetooth radio (at
2.4 GHz), it asks a remoie device
within range — say, a mobile phone, a
notebook PC, PDA or another handheld
computer — io create the required con-
trol panel (or, if you like, ‘GUI') on its
display. The module has a Class-1
radio, so the remote device can be up
to 100 m away. The module operates at
TTL levels, and we are informed that a
standalone RS232 device will soon also
be in production.

A user within radio range of the Flexi-
panel-Blueiooth module may connect
to the appliance at any time using any
Bluetooth-enabled device. The device
will display the required control panel,
but the panel’s appearance may vary
according to the remote device used.
Some examples will be shown later.
The software on the remote devices is
the same for each application and does
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not require customization or re-instal-
lation. It is freely downloadable from
www.flexipanel.com. At the time of
writing, Pocket PCs, Windows PCs,
and Smariphones (e.g. SPV E200 from
Orange) software are supported. Soft-
ware for Palm Operating System and
Java phones supporting the JABWT
standard (e.g. Nokia 6600 and Sony
Ericsson P300) has also been 1eleased.

Projects with
Bluetooth confrol

Let's not get carried away by new-fan-
gled technology like Bluetooth-enabled
GSM phones and PDAs. Using an
example we will demonsirate that
applications can be developed for the
FlexiPanel-Bluetooth combination that
are simple enough to be tackled by rel-
ative beginners. The example, a simple
tracking robot, employs a specially
adapted version of the Elektor Elec-
tronics Board of Education originally
featured in the September 1999 issue
and the world-famous Parallax BS2p
BASIC Stamp. Parallax Inc., who sup-
ply the Basic Stamp, also distribute the
FlexiPanel module through their autho-
rised dealers (in the UK: Milford Instru-
ments).

In case you didn't know, the BASIC
Stamp can be programmed using the
BASIC programming language from
any PC computer using a serial
cable. The same link is used to pro-
gram the control panel into the Flex-
iPanel-Bluetooth module used as part
of the project: a robot controller with
route iracking.

The BASIC programs and FlexiPanel
designer data files used in this and
two more projects are available from
Elektor Electronics as iree software
downloads. The other two projects
are an access system and a tempera-
ture logger, they are not discussed in
this arficle.

or mobile phone

Modified BoE

The circuit diagram of the modified BoE
(Board of Education) is shown in Fig-
ure 1. The ‘brains’ are a BSZp (BASIC
Stamp 2) module which is plugged into
the 24-way socket. Like its 1989 prede-
cessor, this BoE has an RS232 connec-
tor (K2) and a prototyping area
enclosed between K7, X3, K6, K8, K4
and Kb. We'll use the area latertofit a
couple of components the robot needs
to be able to tell you its whereabouts.
The Flexipanel Bluetooth module is
plugged straight onto a dedicated
socket, K9.

The BoE has its own voltage regulator,
1C2, and when used on its own (for
example, during programming ses-
sions) can be powered from a 9-volt
battery. The programming utilities and
the BASIC editor are available from
Parallax Inc., just look for Board of Edu-

cation on their website
www.parallax.com and you'll find a
mass of (free) information.

The component mounting plan of the
new BoE is given in Figure 2. Hoorays
and applause at this point because the
board is single-sided.

Tracking robof

If your friends sniff at yet another
buggy-style little robot, tell them that
this remote controller differs from many
others in being able to send informa-
tion back to the handheld device using
data over a radio link. By using an elec-
tronic compass mounted on the robot, a2
route trace is recorded and reporied
back to the handheld unit.

Figure 3 shows what to add to the BoE
to make it suitable for our experiment.
First, there is the combined FlexiPanel-
Bluetooth module hooked up to the
BS2p by five lines. The two uniis
employ bidirectional serial communi-
cation with handshaking. As you will
have surmised, the FlexiPanel is also a
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figure 2. PCB design for the modified BoF.

COMPO-

NENTS LIST

Resistors:
= 2kQ?2

Capacitors:
C1,C2 = 100nF

C3 = 47pF 40V radial
C4 = 1pF 25V radial

Semiconductors:
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D1 = LED, red, low current

IC1 = Basic Stamp (BS2, BS2sx, BS2e or
BS2p) (Parallax Inc, Milford
Insiruments)

IC2 = IM2940T-5.0

Miscellaneous:

K1 = 2-way PCB terminal block, lead
pitch 5mm
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microcontroller system (and an intelli-
gent one, too)! The BS2p runs software
capable of sending commands that
request or modify FlexiPanel values,
conient or status information. More-
over, FlexiPanel can request BS2p
attention when a client device has
changed a control via Bluetooth. This
is done using a kind of interrupt con-
veyed via the Data line which in our
case is monitored by an LED.

The electronic compass module type
CMPS03 is an I2C device from Devan-
tec. It is available from, among others,
Milford Instruments.

The BoE with its extension circuitry
crammed in the prototyping area is
mounted on the BoE-Bot robot super-
structure available from Parallax Inc.
This has motorized wheels which may
be controlled by pulsewidth modulation
direct from the BASIC Stamp as indi-
cated in Figure 3. The tracking robot,
ready to start on ifs joumey, is shown in
the introductory photograph. Note that
the photo shows the Parallax BoE.

FlexiPanel and
BS2p programming

Using FlexiPanel Designer, a program-
ming utility supplied by Hoptroff, a
user interface is created containing:

- compass bearing display;
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Device Pinout

Pin Name Purpose
] Vss Connectto 0 V
2 Not connected
3 RxD

for serout operations
4 =D
5 RTS

operations
6 CTsS

operafions
7 Mod See texi.
8 Data

FlexiPanel client.
9 Not connected
10 Vdd Connectfo +5 V.

Serial data input from BASIC Stamp

Serial data output to BASIC Stamp for serin operations
Serial flow control output to BASIC Stamp for serout

Serial flow conirol input from BASIC Stamp for serin

Data output high when a control has been updated by a

Care must be taken to insert the module info the correct side of the AppMod
slot and in the correct orientation. Make sure Vss connects to Vss and Vdd
connects fo Vdd [not Vinl). Failure to do so may damage the module.

—latching pushbuttons for stop, for-
ward, reverse, left and right;

~ a table showing the route traced by
the robot.

Flexipanel Designer generates a pro-
gram for PBasic that allows the Flexi-
Panel hardware to be programmed.
Using the PC and Basic Stamp Editor,
this piece of software is downloaded
onto the Stamp where it is executed.

It may happen that FlexiPanel has to
be reset first, for example, when an
earlier attempt at programming went
wrong. In that case, the circuit supply
voltage has to be switched off and on
again — the reset button on the BoE
having an effect on the Stamp only
and not on the FlexiPanel! When the
circuit is switched on, the program-
ming will recommence automatically
— the program still being available in
EEPROM, it does not have to bhe
loaded again from the PC. It should be
noted that FlexiPanel needs about 10
seconds to boot so you can stir your
tea or coffee before programming actu-
ally commences. To have at least an
indication of what's happening during
the boot-up phase, a low-current LED
may be connected between the Data
line and ground, not forgetting a 1-k
resistor — see Figure 3. After switch-
ing on the supply or after a soft reset
of the module (which happens auto-
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Figure 3. The add-on circuitry for the Tracking Robot consists of an elecironic

compass module.

matically after programming), the LED
will light up for a few seconds and
then go out once booting is finished.
The LED will also light briefly when
FlexiPanel receives a command over
Bluetooth (interrupt request).

The result of the using FlexiPanel
Designer may be seen in the What do

I with it inset: simple buttons to press
on a pocket PC or GSM phone, and a
map returned by the robot telling you
where it went!

When the user interface has been pro-
grammed into the FlexiPanel module,
the BASIC Stamp is loaded with the
runiime program shown in Listing 1.
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What can | do with it?

The purpose of this inset is to provide incentives to developing projects using the FlexiPanel-Bluetooth mod-
ule from Parallax. Have look what can be done with it! The project documentation and software are avail-
able as free downloads.

FlexiPanel with the piggy-back
mounted Bluetooth radio sub-
board. You have the pin-out and
dafasheets — nothing to stop you
from hooking up a
microconfroller.

Tracking Robot user
interface on a Pocket PC.

xilanel Designer

-~ Devic Propetties - Cocticl Properties — —
Name , 007 Tema How \ | FlexiPanel Designer
| | |032 TimeNow | | for a Data Logger
Data Logges ! : | : ;
| (SIS v A project. Design your
W Pngevery _ | | own conirol butfons as
| 3 seconds | !hey appear on
' || Bluetooth devices.
I Oneshat
I Unicods
Tatget Device [l |
|FlesiPanel Stamp Module. | Bemeiateint | CovoiSenge [ |
TagetSetingz.. | |
General Clent Selfings.. I e | i
{  Open_ Save. | I
I'm sure we
missed a turn
somewhere, dear!

The Tracking
Robot route frace

BaudRate P iy, displayed on a
COMS [0 =] e =] Pocket PC.
D:_aaBix powContict g 1% [~ DIR [T RTS

= ]9 =l emt @DsR @cCIS

3 Debug Terminal #1
Com Poct:

BASIC Stamp Edifor
busy programming
the FlexiPanel module
(old version, now
replaced by drag 'n
drop).
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We're lost, aren’t
we? Trac.f(r'ng Robot
route frace
displayed on a

Smariphone.

Temperature history
on a Smariphone.

Access Controller B ob's Pamewerd -
h- = Clare’s Password
graphic user =i 1= 590
interface on a = Access History
Smariphone.

Temperature Logger
graphic user
interface on a
Smartphone.

= St Time

Access Controller
log displayed on @

Smariphone.

Tracking Robot
grophic user
inferface on a
Smariphone.
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A Bluetooth Protocol

Bluetooth is a 2.4GHz digital radio communication proto-
col developed and licensed by Ericsson. Serving the ‘per-
sonal area network’, Bluetooth devices can come and go
ad hoc. In conirast, the WiFi profocol, operating at the
same frequency, is more suited to longerterm wireless
infrastructure, with each individual node needing fo be
assigned a fixed IP (internet protocol) address.

Thanks to Bluetocth headsets, Bluetooth is now solidly
enirenched in the mobile phone market. Intel intends to
incorporate Bluetooth info its Centrino 2 chipset, to be
launched in Autumn 2004. Not only will this allow PCs to
connect wirelessly to printers, etc, but it will boost the
growth of VolIP (voice over internet protocol), i.e. phone
calls over the infernet.

The Bluetooth standard provides interfaces for a wide

range of communications protocols, from a simple serial
port to audio. Like many higherlevel protocols such as
OBEX file exchange, FlexiPanel sits on top of the serial
port emulation layer of the Bluefooth profocol stack. It is
not part of the ‘official’ Bluetooth standard. However, the
standard is relatively open in that anyone is free to create
software for remote devices, and productside components
such as the FlexiPanel medule are manufaciured under
license, just like any Bluetooth radio module. The first
FlexiPanel producis were sofiware libraries to provide
remote control for Windows applications and high-end
embedded sysfems.

From the elecironic product’s perspective, the FlexiPanel
module is a peripheral provid?ng graphical user interface
services. |t maintains a list of the controls required by the
product, and the current state of the confrols. The product
can update a control at any time and if a user modifies a
control, the product is notified!

Installing a Bluetooth adapter

Deskiop PCs will typically
employ external Bluetooth
adapters fo communicate with

£ Conirol Panel

Be ER Yew Favordes Joob Hb

devices like FlexiPanel. & =

Usually, ihe installation of
such adapters is a breeze
using the supplied sofiware,
however in the case of the

@ F | P e -

2o [ Cortrd Paned
=" i s
= =7

i ﬂ" Control Panel
i =2 add Hardware

"Ly Add or Remove Programs
Ly Adviristrative Tocks

FlexiPanel some fine tuning is
required.

il R WindoesUpdata

i) b = Siopaet

[Bip=tootiy Configrabion

~JDatz 20 T

| v Elrerts

For these adapters a series
of COM ports is installed

Bluetooth Configuration

Genesdl | Accesshilly | Discovery | Local Services | Ciert Appications | Hardware

Speciy how this compuler will access senvices on other Blustooth devices.
Double-cick an applicabon name o tel it securiy and ed its properies.

PIM ltem Tramsfer

Dizlup Netweorking Requred |
Metwiork Access Regured

Blustcoth Senal Port Mot Required ComM3

Dielete COM poet |
s I[ Cacel || 2o0h

[] Secwse Connection

COM Pori: COM3 v

Inspect the COM port properties and make sure Secure Connection is unchecked.

that look affer the link to other Bluetooth devices. These
links are normally protected against non-authorised
access to the PC by the installation software. However,
FlexiPanel does not employ a protected link and that's
why you need to tweak the PC's COM port settings. You
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start from the Control Panel where the Bluetooth configu-
ration may be found.

For these and other niggling details on Bluetooth
see the FAQ af

www.flexipanel.com/comports/index.htm
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Listing 1. BS2p code for Tracking Robot (exiract)

BackUp:
PULSOUT 1Port, 1lMaxZ
PULSOUT rPort, rMaxZ
PAUSE 20
FwRvSp = 2
GOSUB CheckCompass

IF DataPin = 1 THEN ReadControls

GOTO BackUp

CheckCompass:

* only check every 50 pulses

CmpCount = CmpCount - 1

IF CmpCount > 0 THEN GoBack

CmpCount = 50

* Get compass direction in binary radians and in tenths of a degree
[brad, degs.HIGHBYTE, degs.LOWBYTE]

I2CIN SerPt; CmpIn,

* Send degrees value to bearing control (code generated by FlexiPanel Designer)
SEROUT TxPin\CTSPin, BaudM, [SetData, ID Bearing, degs.LOWBYTE, degs.HIGHBYTE, 0, 0]

‘ Calculate position with Send binary radians value to bearing control

* (code generated by FlexiPanel Designer & cut’'n’pasted)

IF FwRvSp = 1 THEN
xloc = xloc

COS( brad )

+
yioc = yloc + SIN( brad )

ELSEIF FwRVSD

2 THEHN

xloc = xloc - COS( brad )
vioc = yloc - SIN( brad )

ENDIF

BaudM,

if moving, send to trace
IF HOT FwRvSp = 0 THEN
SEROUT TxPin\CTSPin,

xloc.LOWBYTE, xloc.HIGHBYTE ]

ENDIF

]

GoBack:
RETURN

Afier initialization, the program tests
to see what kind of motor control pulse
it is supposed to supply. Then it reads
the compass and writes the bearing to
the bearing display and the route
tracker.

More about
the project software

To get started with this project you
will need the following:

1. Windows 2000 or later

2. FlexiPanel Software Development Kit
(SDE)

3. Basic Stamp Editor (BSE)

4. FlexiPanel

Some notes: the FlexiPanel Software
Development Kit SDK (previously
known as FlexiPanel BASIC Stamp
Developer's Kit) only works on recent
versions of Windows.

The SDK allows the GUI to be
designed on a PC, i.e. you decide on
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return to motor control

the controls necessary for the final
product, and their ‘look’ as they appear
on the Bluetooth device, see ‘Flexi-
Panel Designer' above.

Regarding the BSE, only the BsZ,
Bs2sx, Bs2e and BSZp are supported.
The —p version is preferred because of
its speed and memory size. Note that
the 40-pin Bs2p40 will not fit on any
BoE as only a 24-pin socket is avail-
able.

A version of FlexiPanel for Windows
95/98 is available as a free download,
as well as versions for MS Smariphone,
Pocket PC, Java JABWT devices and
Palm OS.

Closing nofes
on the fracking
robot project

The BoE-Bot is powered by four AA
batteries which, in practice, will only
last a few tens of minutes before they
are exhausted or their voltages start
dropping to levels where the electron-

[AddRow, ID Route_trace, yloc.LOWBYTE, yloc.HIGHBYTE,

ics start ‘browning-out’.

The FlexiPanel module can gensraie a
signal indicating when a remote unit is
connected. The robot could automati-
cally halt if it went out of range of the
remote unit.

The operation of the electronic com-
pass is significantly influenced by the
surrounding metal and direct currents.
These effects may be counteracted by
local calibration of the compass.

Web pointers

Parallox: www.parallox.com

FlexiPanel: wwow.Hexicanel.com

Milford Instruments:
vowew.milinst.demon.co.uk

Free Downleoads

Basic stamp (.bsp) and Flexipanel (.FxP)
programs for Tracking Robat,
Datalogger and Access Controller
projects. Full project documentation
(.doc). File number: 040186-11.zip

PCB layout in PDF format. File number:
040186-1.zip

wowrve.elekiorelectronics.co.uk/dl/dl.him,
select month of publication.
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review copy

Proteus VSM

Also simulates

microconirollers!

David Daamen

Schematic drawing, PCB designing and off
you go festing the design. These days we
do everything on a PC. Simulation pro-
grams have now reached a level of sophisti-
cation that includes co-simulation of a micro-
controller in your design. Proteus VSM from
Labcenter Electronics is an extensive soft-
ware bundle offering professional features

at an affordable price.

Proteus Virtual System mod-
elling (VSM) is software that
allows digital and analogue
circuits, or a mixture of the
two, to be simulated on a
PC. Of course, it all starts
with circuit diagram entry
(‘schematic capture’). Here,
ISIS schematic capture is
used. From the same suppli-
eI comes a separate utility,
ARES, for the PCB design
phase, providing a seamless
link with ISIS. Together, ISIS
and ARES form the tradition-
al combination that makes

I7 o 0 W E TR

dMon <Rk RUon NN G

‘putting a circuit onto PCB'
very easy indeed. Naturally
we found features like con-
nectivity verification (‘elec-
trical rule and connectivity
check’), an automatic com-
ponent placer and an auto-
matic track router. So far,
nothing unusual as other
software products may be
found with roughly the same
functionality.

In the case of Proteus VSM,
it's the simulation part that
offers a number of unusual

features, including one
we've not seen before in
affordable design/simula-
tion packages: microcon-
irollers may be included in
the circuit. That, in itself, is
possible with other design
software, but Proteus VSM
is actually capable of simu-
lating the code executed
by the micro! Again, you
may argue that even that is
not unigue but wait,
there's another novelty.
During simulation, you can

work interactively with the
circuit: switches and
poitentiometers may be
operated ‘as if for real’ and
the status of LEDs or infor-
mation on LCDs is immedi-
ately visible. The feature is
fast, too, as it is perfectly
possible to make periodic
signals with frequencies in
the audio range audible via
the PC's soundcard. A com-
plete graphic LCD touch
screen hooked up to a
microcontroller is not only
refreshed during simula-

-Advertizament
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tion, but may also be con-
trolled using the mouse. It
all happens virtually in
real-time. On a 300-MHz
Pentium II you can simu-
late a standard 8051 sys-
tem ticking at 12 MHz.

The simulator

The core of the simulator is
called ProSPICE, a combina-
tion of an analogue simula-
tor and a fast event-driven
digital simulator, allowing a
mix of analogue and digital
electronics (a ‘mixed mode’
circuit) to be simulated
without problems. The
advantage of SPICE is that
component models supplied
by manufacturers may be
added at the drop of a hat.
Incidentally, Proteus VSM
comes with about 6,000
SPICE models.

The simulation also employs
‘animated models’: graphic
animations whose appear-
ance can change during sim-
ulation, for example, to indi-
cate the current flow direc-
tion, or showing that a lamp
actually lights up. It is also
possible to define your own
(animated) models, in princi-
ple, without the need to pro-
gram them!

A documented ‘software

developers kit' (SDK) is
‘supplied allowing models
to be created in the form of
DLL files.

Measuring

Virtual testing implies virtu-
al measurement — not just
using simple volt and
ammeters, but also more
advanced instruments like
an oscilloscope, a function
generator, a pattern genera-
tor, a counter and an asyn-
chronous terminal. As far as
operation and options are
concerned, these are simply
‘instruments’ as you may
see them on the test bench.
A useful ‘extra’ is the ability
to display the logic level of
any connection or junction in
the circuit in real time using
a coloured dot.

More advanced measure-
ments like graph plotiing or
frequency response meas-
urement, noise and distor-
tion analysis, are available
in the utility ‘Advanced
Simulation Option'.

Microcontroller
co-simulation

VSM is capable of linking
two simulations: one of soft-
ware execuied ‘inside’ a

microprocessor, the other, of
the complete electronics cir-

cuit around the micro. For
example, the act of a proces-
sor writing code to a port
results in corresponding
logic level changes in the
circuit. And the other way
around: if a (sub-)ecircuit
changes a logic level then
the simulated program will
notice it.

VSM'’s included models not
just support simple I/0O
ports but also interrupts,
timers, USARTs etc.
depending of course on the
processor being simulated.
It is even possible to include
multiple processors in the
circuit — it's just a matter of
drawing a few lines to con-
nect the relevant chips!

At the time of writing,
Proteus VSM versions are
available for the BASIC
Stamp, PIC, AVR, HC11 and
8051 processors.

Debugging

Because the design of a
TMiCIOPIOCESSor Or Mmicracon-
troller circuit is hardly ever
finished and approved in
one go, the process of
debugging or ‘error elimina-
tion’ remains essential. Not
surprisingly, Proteus VSM
gives great attention to the
subject. In particular the
single-stepping feature will

be welcomed by designers.
Just as with the software
debugger you normally use,
code for the processor may
be executed line by line.
However, this time you can
observe the resulis of the
code execution on the whole
circuit rather than the micro
alone. Depending on the
processor family selectad
and available programming
tools it is even possible to
‘step’ through code written
in higher programming lan-
guages like C.

Proteus VSM is highly rec-
ommended for designers fre-
quently working on circuits
containing digital as well as
analogue electronics.

00
The price of Proteus VSM is
dependent on processor
family, optional extensions
and commercial or educa-
tional use. For the latest
price info, contact

Labcenter Electronics,
53-55 Main Street,
Grassington BD23 5AA, UK.
Tel. (+44) 1756 753440,
fax (+44) 1756 752857.
www.labcenter.co.uk,
info@labcenter.co.uk
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USB EMBEDDED

for removable mass storage devices

Mark Schuliz

Senior Applications Engineer - Cypress Semiconducfor

Till now USB has been available only on
personal computers, leaving large,
untapped potential in the area of
embedded systems. New embedded host

controllers from Cypress herald a new era.




J0ST CONTROLLER

An embedded system is defined as hardware and
firmware — either stand-alone or part of a larger system
— usually with some sort of operating system. The oper-
ating system can be Windows CE, VxWorks or a more
simple system consisting of ‘home made’ code. Using
the above definition, it can be said that any electronic
device fhat has a processor has the potential to be an
embedded USB host.
Designs that incorporate a USB Host controller have a
distinct advantage over iraditional designs in the sense
that they can now host any type of USB device. The obvi-
ous advantage here is that storage space for a design
can be dynamically added or removed at any time. Con-
sider the case of an MP-3 player that contains a USB
Host. MP-3 files can be easily downloaded via a USB
flash drive or any other media that includes USB support.
Many other types of applications should be able to real-
ize similar performance with the addition of a Host USB
solution, such as the ability to perform field upgrades or
download critical dota to a non-networked system.
Existing solutions for expansion of embedded systems
usually involve a lapiop or some other type of portable
computing device connected to the embedded system via
a serial cable. Although this is a simple and effective
solution, it requires the exira PC and additional cabling.
Additionally, there could be problems associated with the
use of legacy poris.
Typically, a PC is a USB host. Anything else containing
USB is a peripheral. As an example, take the case of a
digital camera. A digital camera has traditionally been a
USB peripheral. To print an image to a USB based
printer, a PC is first used fo upload the images from the
camera fo the PC and then to download them to @
printer. If the digital camera had USB host capabilities, it
could download the images directly to the printer.
Of course, such functionality comes with a price. A USB
Host is responsible for a number of tasks including enu-
meration of devices, task scheduling and bandwidth allo-
caiion. Fortunately, there will be a code framework that
will handle these tasks for us.
This article will outline some of the basics required for
interfacing a USB Host controller to a removable mass
storage device. A short primer on the use of SCSI com-
mands and how they relate fo file systems will be pre-
sented as well as a quick overview of the FAT file system.
This will be followed by a design example.

Mass storage basics

Communication via the USB interface uses SCSI com-
mands embedded inside a UFI Packet. A file system is o
logical structure used to frack various parameters of the
storage media.

FAT File System

This design will support the File Allocation Table (FAT)
type of file system. In the FAT file system, there is a table
that contains a number corresponding to each section or
cluster on the disk. It will be necessary to use the File
Allocation table to locate the individual clusters within a
file since they may not all be contiguous. There are other
types of file systems such as NTFS (NT File System) and
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Partition Info

FAT (first copy)

l FAT (second copy) ‘

i DaiaArea

UFS (Unix File System) that will not be supported by this
design.

Our file system will be logically represented by a data
structure called a volume. A volume contains information
about the location of the File Allocation Table (FAT), root
directory, and a data area that is subdivided into sectors
and clusters.

All mass storage devices contain a boot record. Aside
from containing code that can be used for bootstrapping
the device, this area also contains other useful informa-
tion about the device that can be used to fill in the vol-
ume information. There is also a partition record for each
useable partition on the device. We will use this later on
as well.

The basic outline of the file system is shown in Figure 1.
There are a number of distinct areas on a mass storage
device beside just the directory and data area. The parti-
fion information begins at offset 1BEy of the first physical
secior on the drive. Afier this sector, there are a number
of reserved sectors, followed by the actual file allocation
table. The FAT operates on groups of sectors called clus-
ters. The FAT contains information about the physical clus-
ters on the drive such as whether they are available to be
written fo and where the next clusfer in the file is located.
There are actually two copies of the FAT per drive for
redundancy purposes. The root directory is 512 entries
long in a FAT16 system with each entry occupying 32
bytes. Thus the fotal root directory takes up 32 sectors.
Alfter that is the data area containing files and subdirecto-
ries. The start of the data area is said to be at cluster
number 2, although in reality it is actually more than 512
sectors from the beginning of the drive. Table 1 shows
the volume information for one particular USB flash
device: The beginning of the actual data is 235 seciors
from the beginning of the drive. The area before this con-

Figure 1. File
struciure sysfem.
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Figure 2. UFI
fransaction using

CBW and CSW.
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Table 1. Volume information

Velume ; Value for
Information Pty S current drive
Fat Size BYTE FAy

Total Seciors DWORD 3E7EQy
Total Data Sectors DWORD JE5c8,
Number of Clusters WORD F972y
Rooi Dir Sectors BYTE 204

First Data Sector WORD 2354

Bytes Per Sector WORD 2004
Sectors Per Cluster BYTE 004y

First FAT Secior BYTE 21y

First Dir Secfor WORD 215y

tains the pariifion record, boot record, fwo copies of the
FAT, and the root direciory. This information will be used
later on to locate files on the drive.

5CSl

Many mass storage devices use SCS| commands for com-
munication between the host and the device. We will be
using three SCS| commands to perform our file opera-
fions. The commands are Inquiry, Read Capacity and
Read(10). The format of the three SCSI commands to be
used in this design is shown in Table 2.

Each command takes an Op Code and a Logical Unit
Number (LUN). Some commands have an LBA field. An
LBA is a Logical Block Address. A Logical Block is the

0: 55 53 42 43 48
16: OO0 00 00 24 0O 00

242 0D 00 0D 80
00 00 0D 0B 08 80 00

0: 0D OD OD DO OO OO0 00 0D 43 79 70 72 65 73 73 20
i6: 46 6C 61 73 68 20 44 69 73 £8 20 20 20 20 20 20

32: 20 20 20 ZBI

02 |55 53 42 53 48 6C 66 80 00 00 0D 00 0O

smallest addressable section of a mass storage device,
often referred to as a sector. Later on, we will see how to
use an LBA to access file data. The Read (10) command
also has a field for transfer length. Transfer length gener-
ally refers to the number of sectors to be sent or received.
For the purpose of simplicity, we will work with only one
Logical Unit. Thus, the LUN field will always be ‘0’.

UFI

Removable media mass storage devices containing a
USB interface use a common interface known as the UFI
inferface. The SCSI commands are embedded in the UFI
packets. A UFl transfer is carried out in three phases:
command, data and status. The command phase employs
the Command Block Wrapper (CBW) and the status
phase, a Command Status Wrapper (CSW).

The CBW is a 31-byte packet with the first 15 bytes con-
taining four bytes of signature and four bytes of tag,
three bytes of commands and flags and 4 bytes for the
length of the actual data to be read or writien. The final
16 bytes comprise the command block, which is the
actual SCSI command. The CBW signature is used to
identify the device and is hard-coded to 55 53 42 43 by
the UFI specification. Interestingly, the signature in ASCII
is ‘USBC’ for a USB Command. The tag can be any 4
byte value. The CSW will use the tag value received dur-
ing the CBW phase to report the status of the CBW.

The CSW is a 13-byle packetf and is similar to the CBW
in that it contains four bytes of signature hard-coded to
55 53 42 53 which, in ASCII is ‘USBS’ for USB Status.
There is also a 4-byte iag that will be matched against
the tag of the CBW. The CSW also contains four byies
for ihe residue, which is the expected iransfer length
minus the actual transferred data length. There is one
additional byte used fo report fransfer status. An example
of a USB transfer using a CBW and a CSW is shown in
Figure 2.

The first iransaction is the CBW. The signature is con-
tained in bytes O through 3 and the fag is contained in
bytes 4 through 7. The fag can be any random 32-bit
number. The CSW will use the tag value to Acknowledge
completion of the command specified in the CBW. The
‘24" in byte 8 is a hexadecimal value representing 36
decimal and is the aciual length of the fransferred data in
the second phase.

The second transaction is the daia stage and includes the
36 bytes of data read back from the USB mass storage
device. In this case, the data is in response to an Inquiry
command (124) that can be seen in byte 15 of the first
transaction. Converting the 36 bytes of data beginning
at the ninth byte to ASCIl will reveal the siring ‘Cypress
Flash Disk'.

The third iransaction is the CSW. Note the maich
between the tags of the CBW and the CSW. There is no
remaining data fo be transferred as shown in bytes 8
through 11. Byte 12 contains the status of the fransac-
fion. For this field, a ‘0" denofes success.

The Cypress EZ-Host controller

The Cypress EZ-Host is a 16-bit RISC based microcon-
troller, which contains two Serial Interface Engines (SIEs).
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Each SIE conirols two USB host poris or one USB periph-
eral port. The EZHost also contains a number of periph-
erals such as RS-232, SPI, HPI and HSS. There are 16 K
bytes of internal memory space and provisions for an
external memory interface.
The EZ-Host includes a firmware framework that takes
care of most of the USB Host details. With full support for
various types of USB transfers, reading and writing fo
USB mass storage devices is as simple as filling in some
information and lefting the frameworks handle the rest.
The EZ-Host framework contains all of the necessary
firmware to implement USB Host functionality. Included in
this are task scheduling, device enumeration, bandwidih
allocation and power management.
Applications, on the other hand, are the firmware to con-
trol specific USB devices and communicate their data to
an end application.
At the heart of the frameworks is the TD processor. The
TD processor operates on a dafa structure called a Task
Descriptor (TD) using iis information to communicate with
the USB hardware, specifically the Serial Interface
Engine (SIE). It is important fo note that each of the SIEs
controls two ports and that there is a TD processor for
each SIE.
The framework code incorporates a simple round-robin
scheduler. The scheduler handles a number of tasks such
as checking for device insertion and removal, checking
the UART for incoming messages and executing the ‘run’
function of every installed device driver.
Basic USB transfers are used to move data in either direc-
tion (Host to Peripheral and Peripheral o Hosi). The host
inifiates the iransfers. To move data to a peripheral, the
host uses the function usb_send_bulk_out. To get data
from o peripheral, the host uses usb_recv_bulk_in. Each
of these funciions requires some additional data — a
pointer to the device struciure, the USB endpoint fo be
used, the length of fransfer, and a pointer fo the send or
receive buffer. Once these details are specified, the
framework takes care of the rest.

Framework Elow

The framework code will execute as follows. On power
on reset, the EZ-Host microprocessor will initialize all reg-
isters and counters as well as all device structures. It will
then enter a loop:

~ Check the host USB ports for any changes in status
(devices inseried or removed).

— Check ihe TD processor and get status of all TDs run-
ning on the fwo SIEs.

— Go through the list of aciive device drivers and execute
the run function for each.

Checking the host USB port for status changes requires
inspection of a change variable. The port change inter-
rupt handler will set this variable if a change occurs. If
the port shows a change, enumeration code will be exe-
cuted fo service this change.

If @ device is found, frameworks code will attempt to
maich the device to a registered driver. Driver maiching
can be accomplished in a number of ways. If there is
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Table 2. SCSI commands

5Cs1 = Read

command Inquiry Capacity Ruad(10)

Byte #0 124 254 28y

Byte #1 LUN LUN LUN

Byle #2 Page Code LBA (MSB) LBA (MSRB)

Byte #3 Reserved LBA LBA

Allocation

Byte #4 lengih LBA LBA

Byte #5 Reserved | LBA (LSB) IBA (LSB)

Byte #6 Reserved Reserved Reserved
Transfer

Byte #7 Reserved Reserved Length (MSB)
Transfer

Byie #8 Reserved Reserved Length (LS8}

Byte #9 Reserved Reserved Reserved

Byte £10 Reserved Reserved Reserved

Byte #11 Reserved Reserved Reserved

only one specific device fo be supported, the device's
VID and PID can be added to a ‘Targeted Peripheral List'.
The device's VID and PID are then checked against this
list. A more common method of device/driver matching is
via device class and interface class. In the case of mass
storage devices, both the device class and interface class
have a value of ‘8’ and their respective subclasses have
a value of ‘6." So, when the driver is created, these val-
ues will be entered into the appropriate fields (see Fig-
ure 3).

Building an application

In this section we'll show how to build a simple embed-
ded USB design that conirals a USB Flash drive. First, we
will need fo create a driver for the mass storage device.
We can call the driver the mass_storage_driver or some
name indicative of the capabilities of the device. The
most important fields in this data structure are the class
and subclass fields. The framework will use these values
to match this driver up with any Flash device with the
same class and subclass values. One other possibility
here is fo enter a specific Vendor ID and Product ID in the
driver femplate. In this case, only the device containing

mess_Storage driver =

CLASS_DRIVER
1

Figure 3: Device
Driver Template.
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Figure 4.
ReadFilr Code.

Figure 5: Simple
USB Host Stack.
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those Vendor and Product IDs will be started when
plugged in.

Once the driver is created, the next steps are to add the
start, stop and run functions plus the class codes for the
device so the driver can be found. A driver structure is
shown in Figure 4.

The name of the driver function has to be added to the
file drvrlist.h:

#define FWX_DRIVER_LIST { &mass_storage_driver }
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The mass_storage_driver’s ‘stari’ function will use the
CBW/CSW proiocol fo interrogate the device o deter-
mine its characteristics. Code inside of these functions
will get the data and pass it on to the application layer of
the design. This will enable the higherlevel layers of the
application to handle the specifics of file management.
The stop function will clean up any pending operations or
transfers and nofify the application layer that a device
has been removed. The run function, finally, will be used
to check for any incoming commands from the applica-
fion code.

Using the frameworks to read a
USB Flash drive

MNow it is fime to create some application code that actu-
ally does something. At this point, we have created o
driver and have a means to maich it up to a device by
closs and subclass matching. Next up is to add code to
the driver for its start and run functions.

When the driver starts, we want it to go out and inferro-
gate the flash device to gather information about its file
system. Then, the run function will be used to pericdically
check as to whether the user wants to read any file data.
The driver’s start function will gather data about the file
system in the following way:

— Perform a SCSI Inquiry command to get information on
the aftached device.

— Perform a SCSI Read Capacity command fo get infor-
mation about the size of the attached device.

— Perform a SCSI Read(10) with the LBA set to O to get
data from the first physical sector on the flash device.
~ Type cast the 16 byies beginning at offset 1BEy of the

first sector to a pariifion record entry.

— Using the partition record information, locate the “Start
LBA" — the number of the cluster containing the boot
record.

— Perform a SCSI Read(10) with the LBA value set to the
Start |BA fo read the sector containing the boot record.
Use the information in the boot record fo fill in the vol-
ume information.

At this point, we have used three SCSI commands and
our knowledge of the drive layout to obtain the informa-
fion that was presented in Table 1. We can now use this
information fo read any file on the drive.

The directory eniry for a file will contain its Start Cluster
number. This value will be passed to the file reading func-
tion in the Location field. The ReadFile function will read
each sector in the cluster, then check the FAT io see if
there are additional clusters for the file. The code
required fo perform a file read is shown in Figure 4.
The Sector value can be calculated using information
coniained in the Volume structure. Note that the file read-
ing loop executes once for each sector in the cluster.
When a cluster has been fully read, the FAT is checked to
find the NexiCluster value. Also note the use of CBWs
and CSWs for communicating with the drive.
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Application Programming Interface

Figure 5 shows the hierarchy of the EZ-Host firmware.
An external processor or application can communicate
with the interface layer via RS232. Application code can
be written to provide an APl between the interface layer
and the FindFile and ReadFile functions.

One possible interface layer is shown in Figure 6.
Here, the UART is checked for a one byte Op Code fol-
lowed by a filename, file extension and directory start
location. An Op Code of ‘1’ causes the FindFile function
to be executed. An Op Code of ‘2" signifies a file read
operation.

The FileName and FileExt fields in the packet specify the
file to be found or read. The additional packet field,
DirStart allows for the location of files in either the root
directory [DirStart = 0) or in a sub directory (DirStart =
start cluster of the subdirectory).

As an example, suppose we wanted to read a file called
File1 in the root directory:

The first UART Packet sent to the interface layer would
have the parameter FileName set fo File1, a DirStart
value of ‘0’ and an Op Code of ‘2’ for a file read. The
EZ-Host firmware would return the contens of the file
Filel.

Now, suppose we wanted to read a file called File2 in
the subdirectory SubDirl.

The first UART Packet would have the FileName param-
efer set fo SubDirl, the Op Code set to ‘1" for file find
and the DirStart value set to ‘0" The FindFile function will
return the starting cluster of the SubDir] directory to the
applicafion. Next, another UART packet would be sent,
this fime with the FileName parameter set to File2, the
Op Code set to ‘2’ for file read and the DirStart value set
to the starting cluster of SubDirl which was returned from
the previous FindFile function. At this point, the EZ-Host
will return the contents of File2.

Using this APl and the above examples, a file from any
direciory on the drive can be read.

Conclusion

Using an embedded Host USB controller, removable
mass storage can be added fo any design. This feature
allows for downloading of crifical data or for firmware
upgrades fo the design via USB.

An embedded USB host may be implemented with just
one additional IC and no third-party sofiware. An embed-
ded USB Host framework has taken care of all of the
lowerlevel details for us. Cypress’ EZ-Host USB host can
support the full speed Bulk fransfers required to communi-
cate with mass sforage devices. The present code size is
approximately 13 kbytes. File system support can easily
be added to support application specific devices.

{95E35-1)

9/1004 - elektor

if(FaTrpe)

States ®

7o malz wure wivee is sosaied o

leSass, FilsSxy
'I_fli‘t:m =="13) se find 3 file iz » =2 direcicry

s staler frow the BURT o
loste=ilizSrest):

7% gut b 2l
Ircetion « G

s» fiad the file Locaticom W/
Ismatics + FicdTile{der. TileFase. TileZz: I=catice):

/% semd tis sew: sluster smates wia the TIET e
I(bixS1y=t 1= E)
Frallzsez{Ioceszon):
: §

else if{Statsy <= J) s seat 8 file givms & clzeier o
3

/= gat iba olsates =myber e the GART &/
Ioceriom v GesClwste={DixSrert):

:—:\:.I.:flh::z)

e o4t tiw file
FeaiSesicr v

Web pointers

FAT file system:
woww.microsoft.com/hwdev/download/hardware/
faigen103.pdf

UFl Command Specification:

vowaw.usb.org/developers/devcloss docs/usbmass-ufil0.pdf

USB Mass Storage Class Bulk Only Transport Specification:
woww.usb.org/developers/devclass docs/usbmassbulk 10.pdf

Mark Schultz

Is a Senior, Customer. Design|Center Engineer.
with Cypress Semiconductor. Mark holds a/BSc
in Information Technology from New Jersey
College. Before arriving at Cypress, he worked
on CCD camera bus interface boards at
Princefon Instruments. Mark is aimember of
IEEE and has over 20 years experienceiin the
electronics'industry.

Figure 6: Example
Interface Layer.
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Motor Drivers/Controliers

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.

Controllers & Loggers

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

DC Motor Speed Controller (5A/100V)
Control the speed of almost any common DC
motor rated up to 100V/5A. Puise width
modulation output for maximum motor torque
at all speeds. Supply: 5-15VDC. Box sup-
plied. Dimensions (mm): 80Wx100Lx60H.

Kit Order Code: 3067KT - £12.95

Assembled Order Code: AS3067 - £19.95

NEW! PC / Standalone Umpolar
Stepper Motor Driver
Drives any 5, 6 or 8-lead
unipoiar stepper motor
rated up to 6 Amps max.
Provides speed and direc- * -
tion control. Operates in stand»alone or PC-
controlied mode. Up to six 3179 driver boards
can be connected to a single parallel pori.
Supply: 8V DC. PCB: 80x50mm.

Kit Order Code: 3179KT - £9.95

Assembled Order Code: AS3179 - £16.95

PC Conlrolled Dual Stepper Motor Driver
= > Independently control
two unipolar stepper
—+ motors (each rated up to
i3 Amps max.) using PC
—a S parzllel port and soft-
ware |nterface pwvlded Four digital inputs
available for monitoring external switches and
other inputs. Software provides three run
modes and will half-step, single-step or man-
uzl-step motors. Complete unit neatly housed
in an extended D-shell case. All components,
case, documentation and software are sup-
plied (stepper motors are NOT provided).
Dimensions (mm): S5Wx70Lx15H.
Kit Order Code: 3113KT - £15.95
Assembled Order Code: AS3113 - £24.95

NEW! Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper pas r ki
motor using externally sup- Eﬁ
plied 5V levels for stepping
and direction control. These |&

running on a computer. s g
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)
T or assembled and ready for use (AS prefix).

Rolling Code 4-Channel UHF Remote
State-of-the-Ari. 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 pori. °C or °F.
Continuously logs upto 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 S\wtchef
Call your phone number
using a DTMF phone from
anywhere in the world and =
remotely turn on/off any of
the 4 relays as desired. T
User settable Security Pamrd Anh-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case.
130x110x30mm. Power: 12VDC.

Kit Order Code: 3140KT - £39.95
Assembled Order Code: AS3140 - £49.95

Seria! Isolated /O Module

PC controlled 8-Relay
Board. 115/250V relay
outputs and 4 isolated
digital inputs. Useful in
== 2 variety of control and
' sensing applications.
Uses PC serial pori for programming (using
our new Windows interface or batch files).
Once programmed unit can operate without
PC. Includes plastic case 130x100x30mm.
Power Supply: 12VDC/500mA.

Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

717 7168

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 (LEAD108) £4.95 / Serial
(LEAD76) £4.95 / USB (LEADUAB) £2.95

NEW! USB "All-Flash’ PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
poriable. Supplied with box and
Windows Software. ZIF Socket
and USB Plug A-B lead not incl.
Kit Order Code: 3128KT - £29.95
Assembled Order Code: AS3128 - £39.95

Enhanced “PICALL” ISP PIC Programmer
Will program virtually ALL 8
= 4 to 40 pin PICs plus a range
i of ATMEL AVR, SCENIX
—rioe SX and EEPROM 24C de-
=" ices Also supports In Sys- ||
tem Programming (ISP) for PIC and ATMEL
AVRs. Free software. Blank chip auto detect
for super fast bulk programming. Requires a
40-pin wide ZIF socket (not included).
Available in assembled format only.
Assembled Order Code: AS3144 - £54.95

ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms
program. 4 LED's display
the status. ZIF sockels
not included. Supply: 16- 1BVDC

Kit Order Code: 3123KT - £29.85
Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection. Header
=l cable for ICSP. Free Windows
(== software. See website for PICs
S *supported. ZIF Socket/USB Plug

il =—= A-B lead extra. Supply: 18VDC.
Kit Order Code: 3149KT - £29.95
Assembled Order Code: AS3149 - £44.95

www.quasarelectronics.com

Secure Online Ol'deﬁ'n_g Facilities " Full Product Listing, Descriptions & Photos _ Kit Documentation & Software Downloads
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PicoScope 3000 Series
PC Oscilloscope-5~_

The PicoScope 3000 series oscilloscopes are the latest
offerings from the market leader in PC oscilloscopes
combining high bandwidths with large record memories.
Using the latest advances in low power electronics, the
oscilloscopes draw their power from the USB port of any
modern PC, eliminating the need for mains power.

* High performance: 10G5/s samplifngrate
& 200MHz bandwidth
1MB buffer memory
Advancedidisplay & trigger modes
Compact & portable
Supplied with PicoScope [oscilloscope/spectrum

analyser] & Picolog (data acquisition) software.

Tel: 01480 396395 =
1CO

www.picotech.com/scope190 Technology Limited

| | Farnell DTV 12-14 Oscilloscope Spectrum ﬁﬂalvsers

Deal Trace 12 MHz TV Coupling  Only |

H.P. E548A S
KENWOOD C
Leader LBOSZ] 0=
EOULD D538
NATIONAL PAMASONIC VFTTESA
KENWOOD VT178 Ll
KENWDODD FL143 W

K‘hﬂ'ﬂﬂﬂ Flim_n!. Wiioa

€4 | | Farnell LFI Sine/Sg Oscilloscope
10Hz - 1 MHz Oaly

ﬂSG!LlﬂSBﬂPES

‘, cuéu Uil mm

HP. 3i12A
MARCON 2489
HP S350
HP S308
HP. 10088

STEWART of READING |-

ACCESS 17A, KING STREET, MORTIMER, NR READING RG7 3RS @

‘ Tel: 01189331111, fax: 01189332375
AR www.stewart-of-reading.co.uk
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E-ONLINE

BOGUS
' LECTRONIC
PARTS

Harry Baggen

The forgery of
expensive brand-name
products is an easy
way to make some
money quickly. Lofs of
products, anything
rrom Tshirts fo waiches
that strongly resemble
the original are
offered for sale,
particularly in Asia, for
ridiculously low prices.
In recent years, even
electronic components are being copied. From the outside
they are indistinguishable from the original, but on the inside
they are pure fake. This can have nasty consequences when
you solder one in your circuit!
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Forgery of brand-name products has been a phenome-
non for a long time. Everyone will have heard the holi-
day stories where you can buy a ‘real’ Rolex on the
beach for just 5 pounds! It is too good to be frue...

But it is not only with clothing, handbags and watches
that shady factories and slippery individuals try to make
easy money at the expense of someone else’s reputable
name. These days, counterfeiters go much furiher. Every-
thing that can earn money is a potential target for the for-

gery indusiry.

A very serious problem in the area of copied parts is
fake parts for aircraft, socalled bogus paris. Aircraft
parts have to comply with very stringent quality demands
and are quite expensive as a consequence. A very afirac-
tive market for forgers, who will refurbish old parts or will
attach other brand names to cheap parts in order to sell
them on for a lot of money. But such fake parts can cause
serious problems if they are used in or on an aeroplane.
Experts have atiributed several accidents in recent years
to such ‘bogus paris’.
The counterfeit parts turn up in all soris of areas: clothing,
waiches, bank nofes, pharmaceuticals, foods, toys, sun-
glasses, automotive parts, computer software and elec-
ironic components.

This problem is not just something that started in recent
years, but has existed at least since the seventies. In
1981 a scandal was uncovered where millions of fake
contraceptive pills were distributed, with all the conse-
quences resulfing from that. Now you can only smile
about these things. Much more serious are fake aorta
pumps for open-heart surgery, your life is then really
hanging by a thread!

Even the space organisation NASA can't avoid the prob-
lem. They started legal proceedings last year against a
company for supplying fake conneciors.

In the elecironics area you may remember the issue with
fake capacitors on PC motherboards, a few years ago
[1]. Even motherboards from reputable brands were fit-
ted with electrolytic capacitors of very poor quality (but
with the label of a well known manufacturer) that gave
up the ghost affer a very short time by exploding or by
leaking the corrosive internal fluid all over the PCB.
Recently there was a problem with fake batteries for
GSM mobile phones, which reportedly had a risk of
exploding. This did not only involve batteries from
unknown brands, but also fake batteries on which the
labelling would indicate that they came from the ‘official’
manufacturers.

Experis suspect that most of these counterfeit parts origi-
nate in Asia, or China in pariicular. The damage caused
by this is estimated fo be several billion pounds (just for
the electronic components). Because of the strongly grow-
ing industry and the increase of chip manufacturing facili-
ties in China this is likely fo increase significantly in the
future. A good overview of recent counterfeit products can
be found on the website for Designchain Associates [2].
There are a number of organisations worldwide that
occupy themselves with fighting the ‘counterfeit terror’,

9/2004 - elekior elzdiranics
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such as the IACC (Internaiional AntiCounterfeiting
Codlition) [3].

Serious problem

With electronic components it is not so easy io check if
part meeis the specifications of the manufacturer. You
could perhaps run a few logic tesis on a digital IC, but it
is much harder with an analogue component. It is a big
problem for manufacturers of equipment fo determine in
time (that is, before assembly) if all parts originate from a
trusted supplier.

Most semiconductor manufacturers have recognised how
serious this threat is for them and will warn their cus-
tomers as much as is possible when counterfeit compe-
nents have surfaced somewhere. These are often accom-
panied by detailed descriptions so users can determine
the differences between authentic and fake for them-

e Sl S -

Wl 1 G LUOC

s @ vl mesenm. yoell ol 3 colcvtie of somtofct commme puedi and e shires bokind daen

Directory of Counterfeits:

*Fake Hrad & Shonbtory
* Compterfed bufaps Fovuunta

SEnpy B et Sl e

* Comms ryfels Plurwsad rutheals

* Commsivfent Quibtvvals Toms

*Emel aff Decipuey Fagdieaps Dined wish Navynsics
* Parted Micrwnall Wisdess

* Parated Motes Pritmes

* Commtry{ris Awplame Party

SFale Awts Parts

o 3 = 3 =

67



68

& it T o e

g |8 et st e e st
Raraz oo

A resscie 0 Ssapclin Gt e Some chctres of Sk Tosnha deeoes, punnessd SR B s e Prs et priRom S St
PR e

MOECE It Do P ATl Cecure - Te TSR bawe e Fedtsnk Stacs mot D FETa (Orrecton - 15 50 conven Tl
o G s Sl = e I T czs2, D s stoke O £ i Comver s s wibirh i 40 complntely cboctitds Tt mor fad
et

Tl PEErT DTSN FOOAS Of S9e Tl 859 Conisn 50 The Sowice sl mEesr s DD SOFESCT T i ek il e oY S
£ Eiifwe fxuracmctatis 0 Se srame) The prreng on Pe 258107 ks e Tes done wels o Sbiomed pen fesi mmyos 2 1me
ZeZad Pyt TUE) - X Q08 Rl O0R ETACE T 3 SEouEhE T Y53 £7 Thess Ahhies pestad v st bk 1o 0w
TEMIZE E Qubs permrat i o do Souigh- T prrtng o b el o eesdy Fom s tlhea)

==l B =

selves. Various famous brands such as NEC, LG, Hynix,
Agilent, Vishay, Altera, Atmel, Hitachi, Motorola and
Toshiba have already had to deal with counierfeit copies
of their products.

Quality

The quality of fake paris appears to vary enormously.
There are [often passive] components that are so well
made that it is very hard to tell that they are not from the
original manufacturer. But in most cases the quality is sig-
nificantly lower. Power transistors are a favourite subject
for forgers. Here the packages are carefully copied, so
that they look as much as possible as the original, but on
the inside is a chip with much poorer characteristics. Usu-
ally the chip is also much smaller (i.e., cheaperl) than the
original, so that the transistor will fail in a very short time.
Several examples are already known from Toshiba and
Motorola.
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But it can be even worse. In one case, a company
bought a batch of ICs (LT1040) that were desperately
required, for a considerable amount of money because
they were scarce on the semiconducior market. After
inspection it was realised that there were no chips inside
the packages!

Another phenomenon that has appeared in recent years,
is offering microcontrollers with OTP memory. These can
be programmed only once (One Time Programmable).
Already programmed parts are sold as new and the new
owner is then stuck with a batch of useless paris!

The moral of the story: Be alert!

There is no single way to provide 100% profection from
fake parfs. Semiconductor manufacturers recommend
their customers o obtain their components only from the
official disiributors or trusted suppliers, but it has already
transpired ihat even these channels can be corrupted
with forgeries.

Itis, in any case, a good start fo buy from known suppli-
ers and fo check on the manufacturer's website if there
are warnings for specific parts.

A number of companies have put together lists of fake
components [?], with short descriptions of visible discrep-
ancies with respect to the original paris. A glance at such
a list is also recommended. In addition there is a special
website for fake power semiconductors [10]. Everyone
who builds or services audio amplifiers should certainly
pay a visit there.

And finally the simplest advice: caveat empfor, be on
your guard for deals that just look too good to be frue.
After all, you get nothing for nothing!

Readers with experience of fake paris are invifed fo con-
tact the editor, because we are keen to find out how big
this problem is in Europe. We can then also warn our
other readers!

Internet addresses

[17 Leaking|capacitors muck up motherboards:

wiew.spectrum.icee.org/WEBONLY /resource/feb03/ncap.himb#1

[2] Designchain Associates:

v designchainassociates.com/counterfeit. himl

[31/IACG voww.incc.org

[4] Maxim: hiip://pdfserv.maxim-ic.com/arpdf/aleri] pdf -

[4] Kamake: Counterfeit parfs lisfing:
wiww.kamoka.de/deuisch/service/counterfeit-paris-Jisting.him

[5] ESP: Counterfeit semiconduciors:

htip://sound westhost.com/counterfeit.him
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Forest Electronics — PIC and AVR ANSI C Compiler Products

FED's ANSI C Compiler for PIC or AVR processors e hpalnties Bastprd BwE
= . 2 Fre g . (527 i | Yoo | P | s | M |
» Fully integrated editor with syniax highlighting, multiple pages eic. == =
» Full project support - include and manage multiple source files, simulator, Al E T ]y il |
assembler files and notes/comments within one project Il =] - .
» Fully integrated simulator and waveform analyser step from C line to C line, | 1OSSPE | Yot 2 2

Sawphs Swdck §

or examine code in assembler form. View device pins using a logic analyser

application. | | mblon{| Khmia i
» Simulator supporis LCD modules, keypad, buttons, LED's, displays, ey = e

analogue inputs, serial and asynchronous data. Ryt -
« Designed to ANSI C standards e £ -_— ;
s PIC - Supporis 18xxx, 16xxx. 12xxx series 14 and 16 bit core pracessors - "
» AVR - Supporis standard and MEGA core processors 1
* Generates MPLAB/AVR Studio projecis and source files and completely .

standard hex output files.

Prices from £45.00 — www.fored.co.uk for full details. = - .

WIZ-C / AVIDICY 5 e

Drag and Drop rapid application development
using ANSI C for PIC and AVR

« Rapid Application Development for the PIC or AVR microcontroller using the
C language (WIZ- C for the PIC, AVIDICY for the AVR)
» Drag and drop your software component selections on to your design
« Included components support timers, serial interfaces, 12C, LCD, 7 Seg
displays, keypads, switches, port controls, many bus interfaces including 1IC
and Dallas iButton, AVR/PIC Hardware, and more.
| « Connect software components to MCU pins by point & click
| « Parameters set from drop down list boxes, check boxes, or text entry
i » Links your code automatically into library evenis (e.g. Bution Pressed, Byte
Received etc.)

Prices from £50.00 - full details from www.fored.co.uk

» Automatically generates your base application including full
initialisation, interrupt handling and main program loop

¢ The complete C Compiler and AVR Simulator programs are
integrated into AVIDICY - total editing / compilation /
assembly / simulation support in one program

* Also includes the Element Editor io enable you to create
your own components with ease.

» Demonstration available from our web site

Forest Elecironic Developments
12 Buldowne Walk, Sway

LYMINGTON, Hampshire, SO41 6DU.
01590-681511 (Voice/Fax)

AN

Email -
“info@fored.co.uk”

For rapid development of electronic systems...

m“mdmmmdMamam
?pwmc.mmwmmymm Fliowcods - which instanlly converts fiow chars info

Resources for learning
CPLD programming

Complete courses in

courses electronics and programming

training courses in PICmicro(R)
gy >

! = P

ECAD

! |

typically found in an elacironic system. E-blocks

[E==————]

y NEW

Low cost USB PIC -.pius a wide range of —..-plus incredibly easy ...equals exiramsly rapid system
programmers add-on boards and to usa software based on development: like this mobile text messaging
masg,ﬂm accessories... flow charis... system built from E-blocks.

Equipment for datalogging,
control and PC ‘scopes

Matrix Multimedia Limited

sales@matrixmultimedia.co.uk

S 0510,700;1831
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Ton Giesberts

A pulse-width-modulated output stage with

hi-fi characteristics is something rather

special. We already described vari-
ous aspects of this design in the
June 2004 issue. Following
that introduction, in this
instalment we continue
with a description
of how to build
this power-

house.
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Amplifier

The pulse-width modulated amplifier
we're talking about here is based on
the Tripath TA3020 driver IC. The term
‘pulse-width modulated’ may call up
negative associations, but they are
fully out of place here. The specifica-
tions are outstanding, and the ampli-
fier is certainly as good as guite a few
models in the upper end of the com-
mercial range.
To make construction as easy as possi-
ble for Elektor Electronics readers, we
can supply the printed circuit board for
this project with all of the SMD compo-
nents already nicely soldered in place,
all at a very atiractive price. And don't
forget that a single circuit board houses
a complete 2 x 300-W stereo amplifier.

Special components

Before you start enthusiastically buy-
ing components, we'd like to empha-
sise that you can't simply conjure up a
dual 300-watt amplifier from of a box of
standard parts. When this amount of
power is involved, even the power
supply must meet special require-
ments. On top of that, we're dealing
with a switch-mode amplifier here.
That makes the circuit board layout
and the quality of the components
especially important. To avoid poten-
tial problems, you need to know the
Tequirements imposed on the various
components before you start building
the circuit board for this final amp,

Most of the components can be
obiained from Farnell as stock items,
and several merchants including C-I
Electronics and Geist Electronics will
be offering complete parts kits for this
amplifier. It's essential for some of the
components to be SMD types, due to
the characteristics of SMDs and the
short signal paths that can be
obtained with them. However, this
doesn’t mean that soldering has to be
a problem, since all of the SMDs are
already fitted to the board. The ferrite

§/2004 - elektor elecronics

Part 2: building the
amplifier board

cores for the inductors are also
included with the printed circuit board
(two per board). Winding the inductors
with 1.5-mm enamelled copper does
require a pair of sturdy fingers, but we
have more to say about that later on.

Decoupling

The issue that requires the most atien-
tion with this amplifier is the interfer-
ence that can be generated by quickly
switching large currents. The circuit
board has therefore been designed
such that tracks that carry large cur-
rents have the least possible amount of
coupling with the rest of the circuit. In
addition, the supply voltages are
always decoupled locally, in order to
keep the loops in subcircuits conduct-
ing large currents as small as possible.
In particular, this decoupling is pro-
vided by C5, C18, C32, C33, C36 and
C37 for the output iransistors. We
selected 250-V MKT types for these
decoupling capacitors, since they can
better withstand extremely high
switching currents.

Capacitors C6 and C19 also deserve
special attention. For these two elec-
trolytics, it is extremely important to
have the lowest possible self-induc-
tance and effective series resistance,
as well as a good thermal rating.

The snubber networks (C4/R12 and
C17/R33) help remove HF overshoots.
To save space, R12 and R33 are
mounted vertically. When fitting them,
keep the loop as small as possible in
order to keep their parasitic self-induc-
tance as low as possible. As 1-W resis-
tors are used here, you must allow for
a somewhat larger diameter than
usual (see Figure 1). For the capaci-
tors (C4 and C17), we have selecied
200-V ceramic types. This is because
the maximum voltage across these
capacitors can be nearly the full sup-
ply voliage (approximately 110 V
between the positive and negative

rails), or even more with any over-
shoots that may be present.

Suppressing
inductive spikes

Due to the physical dimensions of the
components, parasitic self-inductance
and overshoots will always be present.
The consequences of this, particularly
the inductive spikes (back-emf) from
the inductors in the output filters, can
be partially suppressed by using Schot-
tky diodes and ultra-fast-recovery
diodes as clamping dicdes. This job is
performed by D3, D4, D6, D7, D10, D11,
D13 and D14. Diodes in DO-15 pack-
ages (MUR120) are fitted to the circuit
board for D3, D4, D10 and D11. Diodes
DB, D7, D13 and D14, which are SMD
components in DO-214AA packages
(MURS120T3), are fitted on the solder
side undemeath the IC (Figure 2). Both
types ofdiodes arerated at 1 A /200 V,
with a recovery time of only 25 ns.

MOSFET drive circuiis

In the printed circuit board layout, spe-
cial attention has also been given to
possible loops in the paths between
the driver outputs of the IC and the
gates of the MOSFETs. These loops
must be kept as small as possible. The
loop in the drive circuit for the upper
MOSFET of each channel consists of
the HO driver, the gate resistor, the
gate-source capacitance and the driver
return connection (HOICOM or
HO2COM). For the lower MOSFET, the
loop consists of the LO driver, the gate
resistor, the gate-source capacitance
and the driver ground connection
(LO1COM or LO2COM).

The overshoots arising from switching
the MOSFETS are limited by the resis-
tors incorporated in the gate circuits.
This unavoidably leads to a compro-
mise between the delays for switching
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= [Farnell # 337-584, 104) 250V, lead pitch 7.5mm or 10mm, w x |
%@mg@@nents R12,R33 = 15Q W, PROI, 5 %13 mi fmax.], Wima MKS4
® BCComponents (Farnell # 337-638, [Farnell # 148-888, 14}

i ist 104) C6,C19 = A7uF 160V radiol, lead pitch

= R13,R34 = 2400 5mm, diamefer 10mm (max.), 105°C,
R14,R35 = 220 5W |(vertical)) Ponasonic EEUED2CA470 (Farnell # 83-

Pre-fitied SMD parts not listed. If necessary the fist of pre- P1,P2 = 10kQ preset 6400, 1+)

fitted parts may be downloodzd from our website. C8,C21,C38 = 47uF 25V radial

Suggested suppliers are menfioned with unusual Capacitors: C9,C22 = 220nF 400V MKP, lead pifch

componzals only. These suppliers re nol exdusive. C1,C14 = 3uF3 50V, MKT, lead pitch 15mm, w x | =8.5 x 18 mm [max.),

5mm or 7.5 mm Epcos B32652-A4224.] (Farnell # 400-

Resistors: C4,C17 = 220pF 200 V, COG, lead 3755, 1+)

R6,R11,R27 R32 = 0001, lead pitch pitch 5 mm, cﬁpped radial multilayer C10,C23 = 100nF 400V MKP, lead pifch
9mm, MPC75-E01 (H.O.D! , Biirklin2) ceramic, Multicomp (Farnell # 747- 15mm, w x| =7 x 18 mm (max.), Epcos
R7,R9,R28,R30 = 5Q6/1 W lead pitch 075, 1+) B32652-A4104 (Fornell # 4003731, 1+

15mm (mox.), PRO1 BCComponents C5,C18,C32,C33,C36,C37 = 100nF C30,C31,C34,C35 = 470uF 63V radial,

off one MOSFET and switching on the
other one. For this amplifier, limiting
resistors with a value of 5.6 () are 1ec-
ommended. This also allows part of
the power that would otherwise be
dissipated in the driver transistors to
be dissipated in the resistors.
Another compromise is naturally the
maximum power rating of the amplifier
and the resulting MOSFET selection.
Unfortunately, maximum drain current
goes hand in hand with high gate-
source capacitance (C;;; = 3800 pF
mazx.). The parasitic self-inductance of
the gate is also a factor; the lower it is,
the faster the gate charge can be built
up or removed.

To accelerate MOSFET switch-off,
diodes are placed in parallel with the
gate resistors. These are also ultra-
fast-recovery diodes in ‘'normal’ pack-
ages (MUR120). Thanks to their rela-
tively large dimensions, they can eas-
ily bridge several broad tracks on the
printed circuit board. A disadvantage
of using these diodes is that the power
dissipation in the drivers increases.
Due to their power dissipation, the
gate resistors are 1-watt types. We
have selected the very compact PR-01
series from BCComponentis. Due to the
construction of these metallic-film . ]

resistors (helical groove), they unavoid- Figure 1. Component layout (fop side of the amplifier board).
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lead pitch 5mm, diameter 13 mm
{max.), 105%C, Nichicon
UPM1J47 TMHH (Farnell # 4153030, 5+)

Inductors:

L1,12 = 11uH3, 29 furns 1.5 mm ECW
{SWG 16) on T106-2 core [Micrometals)
(core supplied with pre-fitied PCB)

Semiconductors:

D1-D4,D8DI11 =MURI20 1 A/200V
ulira fast, ON Semiconductor (Farnell #
930994, 14)

D15 = LED, red, high efficiency

T1-T4 = STW38NB20, TO-247 case,
200 V/38 A, ST [Farnell # 323-

9408, 1+
IC1 = TA3020, Tripath3
IC2 = CNY17-2

Miscellaneous:

JP1,JP2 = 3-way pinheader with jumper

K1-K4,K6K9 = spade terminal, vertical,
PCB mount

K5 = 2-way PCB terminal block, lead pitch
5 mm

K10 = 2-way pinheader

48-pin IC socket, DIP socket with turned
pins 0.67 (15.24 mm) row spacing
(Farnell # 4168653, 14)

4 ceramic washers AOS2205L, Fischer,
14 x 18 mm, 4.5 mm thick (Huijzer

= =3 r of= =i T feas
Figure 2. Bottom side of the emplifier board. The SMDs are pre-fitied.

ably have significant parasitic self-
induction, but the impedance of this
resistor type is still relatively constant
up to 10 MHz. A good alternative
would be carbon compound resistors,
which have much lower self-induc-
tance due to their construction. Suffi-
cient room is provided on the circuit
board for the latter type.
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Power supply and
grouvnd

The main supply voltage is connected
to the circuit board using flat (car-type)
terminals. This allows very large cur-
rents to flow and makes it easy to con-
nect the board to the power supply.
Special electrolytic capacitors are fitted

Averad)

Heaisink 0.6 K/W, 160 x 150 mm,
Marsion 9385P01500A200 (Farnell #
526794, 1+

PCB, order code 030217-91. Comes
with all SMD paris pre-fitted and cores
for L1, 12 supplied.

1. wvow.hod-elecironics.n
2. winw.buerklin.de

3. sales@profusionplc.com
4. wvw.huijzer.com/’

across the power supply terminals to
decouple the worst RF current spikes.
We have done our best to implement
these connections as star points, but
we had to spread them out a bit to
keep the distance between the IC and
the MOSFET leads reasonably short.
For decoupling capacitors C30, C31,
C34 and C35, we selected a Nichicon
family that combines a very good
capacity/size ratio with low series
resistance and low self-inductance.
The optimum choice from this family is
the 470-uF type with a working volt-
age of 63 V. In our case, this deter-
mines the maximum allowable supply
voltage for the final amp.

From the star point, a track runs to the
inductor (L.3) that isolates the analogue
and digital grounds of the IC. This
inductor comes in an SMD package
(1812A) and is located on the solder
side under the IC (Figure 2). It is a
member of the Epcos SIMID family and
has a value of 10 uH, with a series
resistance of less than 1 Q and a cur-
rent rating of more than 300 mA.

The ground connections for the loud-
speaker outputs are also tapped oif
from the star point, so the currents
from the loudspeakers are conducted
back to the main power supply as
directly as possible. This avoids inter-
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Due to the special nature of this
amplifier (particularly the high switch-
ing frequencies), the choice of compo-
nents is especially important and the
use of SMDs in various locations is
unavoidable.

Most amplifier builders have litile or
no experience with soldering these

ference to other parts of the amplifier.
The ground planes on the circuit board
are exclusively intended to provide
protection against interference. They
are only connecied to the AGND pin for
the analogue power supply (pin 28).
This means that no other connections
to the amplifier are tapped off from the
ground planes.

A star point is also used for the con-
nections between the analogue +5-V
supply and the various components,
including the trimpots, jumpers and
resistor bridges for the modulator set-
tings. This can be seen on the compo-
nent side of the layout in Figure 1.

R -
SCenssrucrien

Despite all the atiention given to the
layout, the level of interference gener-
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Pre-fitted circuit board

miniature components, and for this
reason we provide this circuit board
with all of the SMDs already fitted. All
you have to do is fo fit the IC and the
‘normal’ components. In addition, two
cores for the output inductors are pro-

vided with the board, since they are

made from a rather special material.

ated by the output stage is rather high.
This means that additional measures
must be taken to minimise the nega-
tive effects on the analogue portion.
This is done by keeping the surface
area needed to fit the passive compo-
nents as small as possible. The only
way to achieve this is to implement
practically everything using SMD com-
ponents, and to place them as close
together as possible underneath and
beside the IC on the solder side of the
board (see Figure 2).

The only components that depart from
this rule are the two trimpots for DC
offset adjustment and the input capac-
itors. Any interference picked up by
the trimpots is filtered out by C3 and
C16. Interference picked up by C1 and
C14 is filtered out by C2 and C15. Some
of the SMDs must have a voltage rat-

The price of the circuit board and
inductors is only £34.50 / $55.70
/ €49. This is a two-channel design,
so you only need one circuit board for
a stereo amplifier.

ing greater than 50 V, due to their loca-

tion in the circuit. This applies to R15,

R16, R36, R37 and R51. SMD compo-

nents are also used for R8, R10, R29,

R31 and several decoupling capacitors,
since this gives better functional
results and takes up less space.

For readers who wish to take a sol-
dering iron to the SMDs, despite the
fact that the board is provided with
the SMDs already fitted (for example,
to change the input sensitivity or
modify the board for a lower supply
voltage), the solder lands are
designed to allow either 0805 or 0603
packages to be used for all SMD
capacitors and resistors. They are
thus somewhat larger than the sian-
dard size for reflow or wave solder-
ing. You can thus touch a soldering
iron with a very fine tip on the solder
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Kelvin connect

Kelvin connections (which are also
called four-point measurements,
depending on the application) are
used at three locations in the ampli-
fier to eliminate the effects of con-
tact resistance and parasitic self-
inductance.

A Kelvin connection is a connection to
the terminals of a specific component
for accurately measuring the voliage
across the component without using
extra taps. Here such connections are
used for the voltages across the sense
resistors for overcurrent defection, the
feedback from the loudspeaker termi-

nals and the input ground.

lands while soldering, which consider-
ably simplifies soldering SMDs.

For the capacitors in the output filters,
we have chosen 400-V polypropylene
types that are especially suitable for
applications with extreme pulse load-
ing. Here we also use a compact ver-
sion. These capacitors have a pitch of
‘only’ 15 mm, which results in a low
value of parasitic self-inductance here
as well. There is enough room here for
somewhat wider components if you
wish to use a different type (such as
polyester or capacitors from a different
manufacturer).

Coil winding

Winding the output inductors is not
difficult, but you must pay careful
attention to the winding method. With
the selected wire diameter of 1.5 mm
(16 SWG), the 29 turns will not fit on
the selected core in a single layer. To
keep the internal capacitance as small
as possible, the coil is wound progres-
sively in approximately seven sections.
This means that after the first three
turns are wound, the fourth turn is
placed on top of the third tum, and the
fifth turn is then wound directly on the
core next to the third turn. It is fol-
lowed by turns six and seven, with
turn eight again being placed on top of
turn seven, fturn nine again next to
turn seven, and so on (see Figure 3).

The relatively thick wire doesn't make
the job any easier. Depending on how
neatly and tightly you manage to wind
the coil, you may well have to place a
few more turns on top of other ones.
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For current detection, it should be evi-
dent that four-point measurement is
necessary, since the resistance of the
sense resistor is only 10 mQ. The
overcurrent sense leads are tapped off
directly from the resistor leads. The
resistors are upright models in ceramic
packages (MPC75 from Fukushima
Futaba Electric Co. Ltd.), and they
have praciically zero self-inductance.
If you cannot obtain these resistors,
you will have to look for other low-
inductance resistors with the same
form. Resistors with axial leads are
truly unsuitable, since fitting them ver-
tically is by itself enough to produce
too much self-inductance.

= e [}
I€ and

oufpuf fransistors

Most people will probably be reluctant
to solder the IC to the circuit board, so
we searched for a 48-pin IC socket
with very high quality. We finally
decided on a type having turned con-
tacts with 30-micron gold plating and
rated at 3 A. Here we can't be satisfied
with anything less.

A very important detail in fitting the
output fransistors is the material for the
electrical insulators. As these transis-
tors have a metal cooling surface that
is electrically connected to the drain
(T2 and T4), the capacitance to the heat
sink (which is connecied to ground)
would be too large if they were fitted
using standard insulators made from
mica, silicone rubber, silicone foam or
even fancy stuff like Kapton. We tried
this, and at maximum output power
there were large parasitic currents that
could not be suppressed.

There is only one good solution to this
problem, which is to use ceramic
(Al;0,) insulators that are several mil-
limetres thick. The insulator we use
here is the Fischer type AOS220SL,
which is 4.5 mm thick and is actually
intended to be used with a T0-220
package, instead of the larger TO-247
package. Despite being a bit too small,
the insulator fully covers the meial
cooling surface of the transistor. It also
keeps the parasitic capacitance
extremely small.

For the heat sink, we found a type with
a surface large enough to mount the
circuit board parallel to the surface.
The selecied type (from Marston) is

Each pair of signal leads is routed
close together fo the pins of the IC.
The same is frue of the feedback from
the loudspeaker terminals (to the cor-
responding resistors). For the input
ground, using a Kelvin connection
means that all ground connections are
individually routed to the common
ground pin of the IC (the “OV’ terminal
for the analogue +5-V supply). This
can be clearly seen on the solder side
of the amplifier circuit board. Quite a
few circuit board tracks join together
here, with the result that this juncion is
necessarily somewhat broadened.

160 mm wide and 150 mm deep, and it
even provides a bit of clearance at the
edges. Eight holes tapped for 3-mm
screws can be drilled in the base,
which is 10 mm thick, for fastening the
circuit board and the four output tran-
sistors. We recommend that you first
centre the board on the heat sink and
mark the four corner holes. Next, bend
the leads of the output transistors
exactly where they become thinner,
slide them in place and mark the posi-
tions of the four fastening holes for the
transistors.

Cylindrical standoffs (metal types with
a threaded end) with a length of
approximately 10 mm should be used
to attach the circuit board to the heat
sink. The threaded end will probably
be too long to be fully screwed into the
heat sink. This can be solved by first
fitting a nut and lock washer on the
threaded end. This causes the mount-
ing height of the circuit board to be
just right, and the leads of the output
transistors will pass through the
matiching holes in the circuit board
with length to spare.

Coming up

All that's left now is the power supply
and the wiring diagram. We'll deal with
them in next month's issue, when we'll
also present some measured resulis for
the fully assembled amplifier.

Items such as input and output filters
and EMC problems will be handled ina
separate article, which will also
appear next month.
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AI.LGOOD TECHNOLOGY
.allgoodtechnology.com

an medium volume sub-contract assembly.
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automatic assembly and hand built profoiypes.

BETA I.AYOUT
Beta Iaynut Ltd Award-
winning site in both
English and German
offers prototype

PCBs at a fraction of the cost of the usual
manufacturers’ prices.

BUHH TECHNOI.OGY LTD
w.burntec.com

Test & Maasurement Equipment

Distributors

= Anemometers o Clamp Meters

o Light Meters » LCR Meters

= Sound Meters = Multimeters

o Device Programmers

Burn Technology Limited, Winfrith Technnlagy
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Great for tricky jobs, and accurate repetitive
work. We supply: - Software - Inferface - Manual
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DANBURY ELECTRONICS
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DEBUG INNOVATIONS UK
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o High speed digital

e Surface mount

e 0.17 grid

o Power planes
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architeciure

Forget custom PCBs, start your project now!

EASYSYNC
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EasySync Lid sells a wide
range of single and mulii-
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and RS485 converiers at
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ELEXOL PTY LTD
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Distributor inquiries welcome.
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Power Electronics and Solar Energy Design and
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Discount prices of:

o Uiira Bright LEDs

PCB LED Cluster Kiis

= | aser Pointers

o Solar Modules

= Batieries

FOREST ELECTRONIC
DEVELOPMENT

hiip://wwrw fored.co.uk

FED supply PIC programmers, Basic modules,
and development software including a PIC C
Compiler, Prog *n Drop Visual Development and a
well featured debugging environment.

FUTURLEC

hitp://www. futuriec.com

Save up to 60% on

s Electronic Componenis

o Microconirollers, PIC, Atmel

» Development Boards, Programmers

Huge range of products available on-line for
immediate delivery, at very competitive prices.

FUTURE TECHNOLOGY DEVICES

hip:/ ftdichip.com
FTDI desugﬂs andsells 4
USB-UART and USB-FIFQ %
interface i.c.'s.

Complete with PC drivers,
these devices simplify the task of designing or
upgrading peripherals to USB

HAMMOND ELECTRONICS
hitp:/fwww. hammondmfg.com,

5 ‘hammond-elecironics.co.uk
tel: 01256 812812.

Small die-cast, plastic and
metal enclosures for the
hobbyist and professional.
Widely available from
major distributors.

IPEVA LIMITED
hitip:/ferww.ipeva.com

IPEVA sell low cost USB FPGA
development boards. IPEVA
provide Design Consultancy
for Embedded Systems, OpenCores-IP, FPGA, ASIC,
HDL franslation and migration. Tel. 0870 080 2340

KOMCARD

htip://www.komcard.com

Learn how fo design a PCl card, and write a PCI
device driver. We lead you step by step with
practical PCI projects you build.

LONDON ELECTRONICS COLLEGE
hiip://vnerw lec.org.uk

Vocational fraining and education for national
qualifications in Electronics Engineering and
Information Technology (BTEC First National,
Higher National NVQs, GCSEs and Advanced
Qualifications). Also Technical Management and
Languages.

MQP ELECTHONICS
www.mapelectronics.co.uk

Leaders in Device

Programming Solutions.

* (Online shop

* Low Cost Adapters forall =

Programmers —

Single Site and Gang Programmers

e Support for viriually any Programmable Device

NEW WAVE CONCEPTS

hitp://www.new-wave-concepts.com

Software for hobbyisis:

o Livewire circuit simulation
software, only £29.36

o PCB Wizard circuit desian
software, only £29.36

Available from all Maplin Electronics stores and

www.maplin.co.uk
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PCB WORLD

hitp://wvw.pcbworld.org.uk

World-class site: Your magazine project or
prototype PCB from the artwork of your
choice for less. Call Lee on 07946 846159 for
details. Prompt service.

PEAK ELECTRONIC
DESIGN LIMITED

wwnw_peakelec.co.uk
Cool component test
gear for your passives
and semis. Instant
identification, measurement and validation.
Connect anyway round. The Peak Atias family
staris from £59.

QUASAR ELECTRONICS
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Over 300 electronic kits, :;;__;__—._
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TECHNOBOTS
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tel: 0871 7110413

Large range of low cost Ultra bright leds and
Led related lighting products. Major credit
cards taken online with same day despatch.

USB INSTHUMENTS

1aLLD
instruments.com

USB Instruments
specialises in PC based
instrumentation
producis and sofiware
such as Oscilloscopes,
Data Loggers, Logic Analaysers which
interface to your PC via USB.

v.ush

VIEWCOM

hitp://fwweav.viewcom.f9.co.uk

tel: 020 8471 9338 fax: 020 8552 0946

o Mail Order supplier of:

e Integrated Circuits and Components.

o Kit and paris for Elekior projects.

= Transistors, FETs, Capacitors, Resistors,
Crystals, etc and hard to find devices.

Viewcom Electronics, 77 Upperton Road West,

Plaistow, London E13 OLT
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ELECTRONIC ENTHUSIASTS

Only one magazine tests its projects and circuits in its own lab before publication -
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THE ELECTRONICS & COMPUTER MAGAZINE
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Andy’s Quest

A new quiz has been launched
on our website www.elektor-elec-
tronics.co.uk in which you can
test your knowledge of electron-
ics theory. Participation is free
and anonymous.

Each round of Andy’s Quest
draws a random selection of five
multiple choice questions from a
base of about 400. Have fun!

Railrouter project soft-
ware The author of the proj-
ect, Mr. Ray King, kindly
advised us that the ‘Serial OCX’
module he originally used in the
Railrouter sofiware was profect-
ed by copyrights owned by
Everyday Practical Electronics
(EPE) magazine. A new version
of the compiled Railrouter soft-
ware, eliminating the dependen-
¢y on EPE's Serial OCX utility, is
now availoble from the Free
Downloads section of the Elektor
Electronics website. We apolo-
gize to EPE for having distrib-
uted their copyrighted OCX
module during the period 16
through 28 June 2004.

C for AVR Micros A num-
ber of readers keep asking us
obout C compilers for Atmel
AVR microcontrollers. We can
recommend AVR-GCC for sta-
bility and the fact that it's free!
See wwaw.avrfreaks.net

Out of Step Dear Jan, |
believe the photograph print-
ed as the head of your article
‘First Steps’ in the May 2004
issue shows the internals of a
synchronous three-phase
motor, not a stepper mofor.
The letters printed near the
three solder pads in the cen-
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Here is the contact information for
Tripath’s UK distributor:
Profusion ple, Aviation Way,
Southend-on-Sea, Essex 5§52
SUN. Tel: +44 1702 543500,
Fax: +44 1702 543700.
sales@profusionplc.com

Two infernationally operating sup-
pliers of kits and components
specifically for Elektor projects
are:

Geist Elecironic,
vaw.geist-electronic.de

DIl Electronics, vewnw.dil.nl

tre provide clues fo the motor
having been taken from a
floppy disk drive.

D. Jansen, The Netherlands

Our apologies and we make
amends by printing these photos
of a real stepper mofor.

Clarity Class-T Amp

Dear people at Elekior, con-
gratulations on the awesome
classT amplifier (June 2004).
But where is the chip avail-
able from in UK2

| managed to locate the
MOSGSFETs at
www.farnell.co.uk, but a
search of the TA3020 revealed
nothing. Many thanks for a cut
fing edge publication.

Gerard Galvin

Fishing for chips Dear
Editor, first let me congratu-
late you on ihe new look
magazine; if is a big
improvement. | imagine your
main readers are profession-
al elecironics engineers who
have ready access to obscure
chips direct from the suppli-
ers. As an amateur | find
many of your projecis of
interest to me cannot be built
because ihey depend on
chips that not available in
single quantities (even after a
search on the Internet world-
wide). In particular the high-
end pre-amp and the versa-
tile final amplifier of a few
years ago. The same prob-
lem arises with your new
ClassT amplifier project.
These all depend on a single
crucial, but unobtainable,
chip. Would it be possible to
supply these through your
magazine or at least for the
authors to specify a supplier?
Malcolm Read

PA300 Amplifier Hi
again Jan, I'd like to con-
struct the PA300 amplifier,
but I'd like to know if this is
possible.

| don't have the 625-VA
transformer required, but
instead | have two of 300-VA
40-0-40V transformers which
| was going fo use fo build a
stereo version of the PA300.
Now | understand that | will
not achieve 300 watts into

4 ohms per channel based
on 300 VA.

What I'd like to know clearly
is what the estimated power
output will be for 8 & 4 ohms
on 300 VA. | will use one
transformer per channel.

| know there will be reduced
power which will be enough
for my needs but like fo know
what that is and for example
will there be higher distor-
tion2

Also | have 10,000 uF
capacitors rated af 63 V, can
| use 63V capacitors in the
power supply instead of

100 V as specified in the
parts list2 As my fransformer
delivers 40 Vac per rail this
would be about 56 Vdc, so
well below 63 V.

Can | still build this amplifier
with this reduced power sup-
ply and is the setup of ihe
quiescent current the same?
I've always wanted to build
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this amp but haven't been foo
sure on a few things. I've

~ heard many good things

about it.
Ed Zammit (Melbourne)

Well Ed the lower iransformer
voltage will cause a supply volt-
age reduction of about 4 volfs (at
zero load). This will only decrease
the maximum power oulput. The
music power fo be expected is
260 W into 4 ohms and 150 W
into 8 ohms. Continuous power
will be even less, due io the
reduced power rating of the
transformer and is hard to pre-
dict, because of unknown over-
load properties.

USB-fo Analogue
Converter Dear Jan, in
the November 2003 issue,
downloads for the USB
Analogue Converter were
stated to be available from
the Elektor website. However,
the HEX file used in the proj-
ect (Elk.hex) was not one of
the files included in ihe
zipped file 020374-11 (hex
code and Windows soft-
ware). Also, it was not clear
what files were required in
the MPLAB project fo compile
and program the
PIC16C765. If possible,
could you provide the neces-
sary information to enable
me to finish this excellent
project.

Kieran McAreavey

Several readers have asked basi-
cally the same question. The
required HEX file (EIK35.HEX] is
in the zip file under the directory
fic_ass’. The source code pro-
vided is not guaranteed to be of
direct use in MPLAB. It is not clear
which assembler the author of the
arficle used, so we are unable to
help you with assembling the
source code using MPLAB. This
should be fairly easy however.

" Due to the fact that the HEX-file is

/2004 - elektor elecironics

included there is no direct need
for you to assemble the source-
code again, unless you want o
modify the firmware fo suit your
own requirements.

High-End Preamplifier
Dear Editor, by now this
should be a very popular
question: what is the manu-
facturer’s name (and PN) for
the 16x2 LCD used in the
High-end Preamp (April and
May 2004)2 | mean the one
used by the author, Benjamin
Hinrichs (the audiophile com-
munity owes him a lotl). |
don’t know if there’s a stan-
dard inferface and any equiv-
alent part would fit.....

Sergiu Ignat (Montreal)

Fornell (wvavfarnell.com) have o
series of All Shore Indusiries, Inc.
in stock. look for order code
412-7316. The module Mr. Hin-
richs used is of unknown origin.

Simple 12-t0-230V
Power Inverter Dear
Editor, | am a teacher at a
Polytechnic and would like to
use the Simple 1240230V
Power Inverter (February
2004) as a classroom proj-
ect. Unforiunately | can not
quite grasp the function of
the ‘R-C-Z diode’ combination
(D4, R14, C9, C10) in your
circuit. Is this some kind of
protective circuit? Also, what
is the specification for the
heatsink as that information
is missing from the article.
Oliver Sluka (Austria)

When Tl or T2 switches off,
harmful voltage peaks may occur
at the drain because an induc-
tance (in fact, an non-ideal frans-
former) is seen beiween X2-X4.
Diode D5 shunts these peaks into
C? and CI0. These capaciors

have io be discharged, however,
to prevent them building up
excessive voltage levels. As soon
as the voltage on C9 exceeds the
supply level plus the zener voltage
(i.e., approx. 30 volis), the
charge is shunted off preventing
the capacior voltage from rising
further. D5 and Dé ensure that
C? and C10 do not affect the
operafion of te inverfer under
normal circumstances. Without
these diodes, the capacitors could
give rise to resonance. D5 and
Dé only serve as domping
devices when the voltage exceeds
30V.

The heat sink specificotion is
10 K/W minimum.

CORRECTIONS &
UpbDATES

Build Your Own DRM
receiver

March 2004, p.12,
030365-1

New software has been
developed for this project
that allows an USB/RS232
adapter to be used. This
means the receiver can now
be controlled from a laptop
without a serial port. Free
Download, see September
2004 items.

First Steps

May 2004, p. 30-34,
030203-1

In the circuit diagram the
value of R17 and R18 is
shown as 10 k, while 1 M
appears in the paris list. The
value is not critical but in
practice 10 k will provide the
best profecfion against noise

at the FET inputs.

Personal Sound to Light
Unit

June 2004, p. 58-60,
030019-1

The type code of IC1 should
be LM358, not LM385 (fext,
paris list and schematic).

DDS RF Signal
Generator

QOctober 2003, p.14-22,
020299-1

Constructors are advised that
a new version of the con-
troller firmware is now avail-
able (ref. 020299-41). The
update solves the problem of
the software crashing when
the ‘B key is pressed fo
switch between dBm and V.
For a free update, return your
controller chip with the
Elektor ESS sticker on it to
Readers Services, aft. Mr. J.
Visser, Software Service.

MailBox Terms

— Publication of reader’s commespon-

dence is at the discretion of the

Edtor

EOHor

those of the Editor or Publ

- Comrespondence may be tran
or edited for length, clarity and
style.

—Whien replying fo Mailbox come-
spondence, piease quote lssus
number.

- Please send your MailBox carre-
spondence lo:
editer@elektor-slactronics.co.uk or
Eigktor Electronics, The Editor, BO.
Box 120,

Tunbridge Wells TNS 7WY. England
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Quizz*

Many of you will have substantial amounts
of identical resistors lying around, perhaps
bought years ago as a “super pack’ or
some other ‘scoop’ offer. To praciice the
noble art of soldering, dozens of these com-
ponenfs may be sol together io form a
square grid array (Figure 1). Supposing
you had an infinite number of resistors
available, the array, too, would be infinite.
This month we kick off our Quizz'away
series with this problem:

A square array of infinite size
is built from identical resistors
with the value R = 1 kQ.
What is the resistunce meas-
ured along a single resistor as
shown in the illustration?
How is the measured value

Professor

Martin Ohsmann

Martin Ohsmann was born in 1959
and as the photograph shows, got
the hang of ‘all things eleciric’
(including hammers) at a very early
age. Martin read electrical engi-
neering at Technical University
Aachen (RWTH), Germaﬁy, gradu-
ating in 1984. He became a staff
member of the RWTH Mathematics
Faculty (dissertation 1988), devel-
opment engineer, scientific staff
member of Philips Research Labs in
Aachen. Since 1999 Martin is @
Professor of Electrical Engineering
and Information Technology at FH
Aachen, lecturing in Operating Sys-
tems and Distributed Systems.
Martin Ohsmann has been reading
the German version of Elektor since
1972. His first contribution to the
magazine was an article on RDS
decoding using a PC; this was pub-
~ lished in 1989.

80

explained?

If you feel like solving the problem the prac-
tical way, simply start soldering away a few
dozen resistors and perform a simple meas-
urement in order fo gel an approximate
answer. Aliernatively, why not push the lim-
its of your electronics simulation program?
Note i‘bwe’ver that we're nof safisfied wiih
just the value, but also require a wellsub-
staniated explanation, comprising as little
maihematics as possible, please!

It is also possible to have a go at three-
dimensional arrays like cubes [Figure 2).
Have fun!

Supplementary question

IF you are not convinced that your explana-
tion with the value measured in Figure 1
makes sense or is as simple as possible,
you have a second chance fo participate
and win in this quiz. In the cube shown in
Figure 2, the resistors form a three-dimen-
sional array resembling the crystal siructure
of a diamond.

The supplementary
question is:

How many resistors is

the cube made of?

elektor elecironics - 9/2004




Quizz’away
and win!

= 14‘_&

Send in the best answer to this month’s Quizz'away
question and win this Voltcraft USB Oscillo-
% A scope from Conrad Electronics, worth £135.

Figure 1. Infinife resistor array.

All answers are processed by Mariin Ohsmann in co-
operation with Elekior editorial siaff. Resulis are not
open to discussion or correspondence and a lucky
winner is drawn in case of several correct answers.

| Figure 2. Ohsmann’s Cube: a three-dimensional resistor array.

Five parficipants with the correct [or best) answer

o, are rewarded with a 128-MB Elekior Elecironics
USB Memory Stick.

Quizz’away condifions

Please send your answer to this month’s Quiz-
z'away problem, and/or the supplementary
question by email, fax or lefter to:
& =y Quizz'away, Elektor Electronics, PO Box 190,
&, 4 Tunbridge Wells TN5 7WY, England. Fax
o [+44) (0]1580 2006 16. Email editor@elektor-
elecironics.co.uk, subject: ‘quizzaway 09-04".

The closing date is 24 September
2004. The ouicome of the quiz is final. The

i A quiz is not open to employees of Segment b.v.,
' its business pariners and/or associated pub-
,i?-_/ lishing houses.
]
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readers services

Please Nole

Softwars tems marked (@ are avadabis from the Fres Downdoads pags
of the Publshers” websile & nww A giectnics co uk.

Diskettes are suppled for the ©

READY-BUILT PROJECTS

Gameboy Digital Sampling Oscilloscope (GBDSQ)
SUI87-01 ready popdated and tested board

Micro Webserver with MSG1210 Board
030060-91  Miroprocessar Board, re=dy-assemblied
044076-91 Network B Board, ready izd

D44026-92 Combined packzos (030060-91 + 044026-91 and 2l related arbciss)

18495

EVERGREENS

Eleklor Electronics Help Disk
055022-1  Disk Windows version

Elekior Electronics ltem Tracer 1985-2003
045003-11  contents datehese (disk, Windows varsion)

Universal Prototyping Boards
uPBs-1 PCE
uPBs-2 2PC8s
UPES-4  4PCBs

no.335 SEPTEMBER 2004

ClariTy 300-W Class-T Amplifier
03021791 Ampifier board with SMDs pre-fitted; coresfor L1 & 12
Rolling Dice
@ 0402481  PCB set (B sides)
@ 040248-11 Disk some & hex fiis
@ 04024541 ATRSCZ051-12P1, programmed
Swiss Army Knile
@ 030448-1  PCB sst MCU, RS232, Usa
@ 03044811 Diskset (a+b), 21 project software
03D448-41 ATA958252-24PC, programmed

ne.334 JULY/AUGUST 2004

IR Servo Motor Interface

@ 02035511 Disk RCX program and PC sgurcs & objeci code
020355-41 PIC16F628, programmed
02035642 PIC16ME28, prograrmimed

Micro Webserver with MSC1210 Board

@ 0420251  Netwark Exiension Board, PCB only

R/C Analyser

@ 030178-11 Disk PiC sowcs cods
03017841 PIC16FG27-4/CP programmed

USB Converler Controlied via HTML

@ 04403411 Dk zemp progEms

Waorking with ActiveX

@ 03043111 Dk

no.333 JUNE 2004

Multi Programmer

@ 0203351 PGB

@ 02033611 Disk firmware & sowes code

Pockel Pong

@ 030320-11 Disk PiC software

Rail Router

@ 0304031 PGB

@ 030403-11 Disk PIC & FC software
03040341 PICIGFETT-20/F programimsd

Smooth Operator

@ 030203-11 Disk PIC software
030209-41 PIC16FB4-10F: programmed

no.332 MAY 2004

Design Your Own IC

@ 0303851 PCB

High-End Preamp

@ 020046-1 PCB — main board

@ D0845-2 PL8 — relay board

@ 020046-3 PCB — PSU board

@ (20045-11 Disk
02604641 PIC1BLF45241 . programimed

Wind Speed & Direction Meter

@ 03037111 Disk, peoject softwars
030371-41  PC16FBTH, programemsd

no. 331 APRIL 2004

Drop-in Microcontroller Board

@ 020148-1 PGB

@ D20148-11 Disk sample project fiz

Pandora’s Sound & Music Box

@ 0334021 PCB

@ 030402-11 Disk soufce and hex code Ties
03040741 PICI6FETH/P progammed

2 of readers without Infemst access

795

6300
4185

815

243
410

3450

1373
490
B70

330

2585

490
1000
10400

1045

1025

490

850
490

1080
490
2145

450
1470

1565

45
750
&70
+90

28-70

450
1755

560
420

1062
490
2155

uss

137.20

11250

7393

103-50

14.45
1435

430
725
11.55

55.70
2430

15.40

16.80
11.50
437

8.65
17.70
17.70

1850

B85
18.15

8863

1560
8.65

B8

1915
865
3785

8.65
2600

2770

14595
1330
11.85

885
49.50

B85
3105

1520
B&3

18.75
B8
3640

GENERAL

Printzd-cmcuft boads (PCBs), ssi-afhesive frond
paned fods, ROMs, EPROMS, PALs GAls microcon-
troders and diskelies for projects which have
zppeared in Hlekior Eiecimaies may be oedared using
the Order Form printzd opposts. The form may slio
be used D order bools (EiEt customess only).

= The rinwk for mekng 2 PC8 which ks not aval-
may. be foond In e reicyant artels.

= EFRDMES, GALs, PALS, (E}PLDs, MACHS, PiCs and
other microcontroliers e suppied ready-poo-
grammsd.

Prices and fem desophoes suhict to change. The
peiiishers resenve T right o change prices withoot
here soperseds those in previous fssues. E & OE

PAST ISSUES

Past issoes, i awailishie, shodd be ordered from
Worldwide Sobscription Service Lid, Usit 4, Gibbs
Reed Farm, Pashizsy Road, TICEHURST THS THE,
Esglzad, telicphone (+44) 1580 200857, fax (+-44)
1580 200616, email wwssBwwss demoncouk
Priczs of pest Bsiss (oxcept July/Augast =nd
December), inciading postage for singls copiss, are
£4.75 (UX and £k £5.30 (=i madl Euwrope); £6.10
{zrm=d ooisids Furops). Prices of past Jefy/Augpsst
and Decanter Boes nchding postegs for singis
copss; e £565 (UK and Eee);  £7.35 (:mal
Emope); 2nd £8.45 (Zmal petsite Bwnps).

PAST ARTICLES

For imfumaton o pesl Sfcies, please contact cur
Editorial and Admimisbaiie Offices, telep
{01580) 200057; fax 200516, il Slesmeleiioe-
EiECHORCS LO.00

£ uss
VHF-Low Explorer
@ 0204161 PCB 880 1550
No. 330 MARCH 2004
Build Your Own DRM Receiver
@ 0303551 PCB 10 16.10
@ 020355-11 Disk, DAM.= program 490 B65
Code Lock
@ 0204341 PCB 480 16.95
@ 020434-11 Disk source & haxoods fiss 480 865
02043441 PiciBFBLA-4P programmed 1470 26.00
Hands-on CPLDs (2)
@ 030521 PC8 840 1573
@ 03005211 Softwarz 480 BES
03005241 EPM71283LC64-15, programmed 3340 5910
Multichannel Failsafe for Radio Conirolled Models
@ 020382-11 Disk smwce cods fle 480 865
020382-41 ATBSC5Z-240, programmed g0 1540
Multifunction Frequency Meter
@ 0301361 PCB 233 1655
@ 030136-11 DSk, project soitware 490 565
03013641 ATO032313-10PC, programmed 785 1405
No. 329 FEBRUARY 2004
Digilzl Alarm Clock
@ 030096-11 Disk, PiC source 2nd hex code 480 8.65
03009641 PIC16FR4-04/p, programmed 1520 26.90
iAccess
@ 020163-11 Dk set souree codz 2nd coatrol s9frwars 750 1330
02016341 ATEI38252-12PC, programmet 138) 2450
Simple 12-10-230V Power Inverier
@ 0204351 PGB 850 1509
Touch-controlled Switch
@ 03021411 Disk PIC source code 480 865
03021441 PIC12C50RA04S08, programmed &15 1090
No. 328 JANUARY 2004
64-K B0CS552 Fiash Board
@ 0300421 P8 235 1655
@ 030047-11 Disk misc. project sofiware 490 865
030042-21 257010, programmed 10:00 1770
030042-31  GAL 16VBD15CR programemesd &0 1080
Climale Logger
@ D761 PCB 715 1370
@ 030076-11 Disk Windows sofiware 480 255
FMS Flight Simulator Encoder
@ 030056-1 PCB 10:20 18.03
03006641  B7LPLTGTBH, programmed 1705 3015
LED Roulette
© 0301681 P08 1790 31.60
@ 030168-11 Disk, source and hex s 4 865
03016841 8302051-12PC, programmed 805 1425
Multi-evenl Alarm CGlock
@ [20304-11  Disk C (source) hax fiss 42 8865
020304-41  ATBIC2051-12PC, programmed 10 10.80
Stepper Motors Uncovered
02012741 PICI6FE73-205P 1810 3380
No. 327 DECEMBER 2003
FI Remote Control Transmitter & Receiver
@ 0340441 PCB 1020 1805
LED Chrisimas Decoration
@ 0301571 PO8 755 1235
PBTLPC76x Programmer
@ 030313-11 sk, projsct sofiware 490 B85
Project Timekeeper
@ 020350-11 Disk, sourre & object code fies 4 863
020350-41  PHC16FE4-108 programmed 1315 2325

elektor elecironits - 9/2004



Stepper Motors Uncovered (2)
@ 02NZ7-11 Disk source code file
Universal Clock Generator

@ 020295-11 Disk source code file
Wireless R5232 Link

@ 0302041 PC3

No. 326 NOVEMBER 2003

Precision Measurement Central
@ 030050-4 PCB

No. 326 NOVEMBER 2003

Rev Counter for R/C Models

@ 0241111 PCB
024111-11  Disk, source and hex cods
024111-41  BSG2051-12PC, programmed

Running Texi Display

@ 02040711 Disk, source and hex code

USB Analogue Converler

@ 0203741 PCB

@ 020374-11 Dk hex cods and Windows software
02037441 PIGIECTES, programmed

No. 325 OCTOBER 2003

DDS RF Signal Generalor
@ 0202851 PCS, generaior
© 0202392 PCB, controlsupply
020259-41  ATS0S8515 8PC, programmad
Minimalist Induction-Balance Melal Detector
@ 0202301 PCB
Xilinx PROM Programmer
& 01010911 Software

No. 324 SEPTEMBER 2003

ATV Picture Generator
@ 02028511 Disk source & hex cods fles
02028541 ATH0S8515-8PC, programmed
02029542 ATS0S1200-12PC, programmed
DTMF Remole Telephone Switch
@ 0202341 FC8
@ 02023411 Disk, project software
020234-41 PIC1GFB4A-20F programmsd
LC Display with 12C Bus
@ 0300502 PCB
PICProg 2003
@ 010202 PCB
@ 01020211 Disk, Windaows saftware
01020241 PiCiBFE74-20F programmed
Polyphonic Doorbell
@ 020334-11  Disk, profect sofware
02035441 PICIGFR4A-10P programmed
Precision Measurement Cenlral
030060-91 Ready-assambizd & testzd board
Valve Preamplifier (1)
@ 020383-1  PCB, ampifier board
@ 020383-2  PCB, power supply board
@ 0203833  PCB, V0 board

No. 323 JULY/AUGUST 2003

Add a Sparkle

@ 02028311 Disk. HEX znd source files
02029341 PiC12C509A-04/SM. proorammed

AT8052313 Programmer

@ 034031 PC8

Hard Disk Selector

@ 0340501 PCB

Mini Running Text Display

@ 020365-11  Disk, source coda filz

Mini Test Charl Generator

@ 020403-11 Disk, PIC source cods

Programming Tool for ATliny15

© 0300301 PCB

@ 030030-11 Disk, project software

Quad Bridge Car Amp

@ 0340351 PCB

Remote Light Control with Dimmer

@ 020337-11 Desk, HEX and source fles
02033741 ATBOC2051-12, programemad

No. 322 JUNE 2003
AVR TV Tennis
@ 0300251  Main PCB
@ 0300262  Pushbution FCB
@ 030025-11 Disk, AVA source code
O30026-41  AT208515, programmed
Eleciranic Knotled Handkerchief

- @ 020308-17 D=k PC znd controfier software

020308-41  AT9052313-10°C, programmed
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480

&70

870

1750
&85
420
765

480
1325

1160
12-10
885

450

420
1520
1390
1165

490
1470

2355

48
14-45

6300
1155

11-40
1010

480
740

805

755
480

B70

40
625

B70

480
1520

&

1260

3nog
15.65
865

1330
B85
2345

2055
2145
5405

1585

865

863
26.90
2460

2060

865
26.00
13.00
1600

883
4163

B85

11250

2040
2020
17.60

13.10
16.00
1675
865
865

13.35
B85

1535

885
11.05

1540
1525

8.55
26.90

865
230

Low-Cost LCD Controller (2)

@ 0201141 PCB

@ 020114-11  Disk, project software

HNight Light Control

@ 020115-11 Disk hex and smsce code
02011541 ATS082313-109°C, programmed

Universal XA Development Board

@ 0101031 PGB

@ 010103-11 [ksk GAL code, EPROM hex flies, XADEV
(10103-21 EPROM IC8, 270256-90, programensd
010103-22 EPROM 09, 27C256-90, programmed
01018331 GAL 16VB, programmed

No. 321 MAY 2003

Countdown Timer

@ 02029611 Disk sourcs and hex cods
02029641 ATS0S1200, programmed

USB Audio Recorder

@ 012013-11  Disk, EPROM hex cote
012013-21 EPROM 27C512, programmed

Valve Final Amp (2)

@ 0200741  Amplfier board (ons chann)

@ 0200712  Powsrsupply boerd

No. 320 APRIL 2003

8-Channel Disco Light Conlrofler
@ 0101311 PCB
010%31-47 87C750 or 67CT1, programmed

Pico PLC

@ 0100531 PCB

@ 010039-11 [sk, t=st program

Single-Chip Tone Control

@ 0200544 PC8

Swilched-Outlet Power Bar with RS232 Contral

© 020298-1 PCB

@ 02023311 [Disk peoject soitware

Temperalure Indicator for the PC

@ 020380-11 Disk, sperce and compled code
020350-41  ATE302051, programmed

No. 319 MARCH 2003

17 V /10 A Switch-Mode Power Supply

@ 0200543 PCB

Add-on Swilch unit for R/C Models

@ 0201261 PCB

@ 020126-11  Disi hex and source filss
G70126-41 PG160712-041/50, programmed

AVRee Development Syslem

@ 0203511 PC3

@@ 020351-11 Disk samps Mogems

Guitar Effects Swilchbox

@ 201811 PCB

Intelligenl Fan Timer

@ 020170-11  Disk, project software
02017041  MSP430F1121, programmed

SAA3049 Replacement

@ 020085-1 PCB

@ 02008511 Disk surce 2nd hax cods
82008541  BTLPC764BM, programmed

Two-Colour Running Light

@ 0101341 PCB, controfier board

@ 0101342 PCB, LED board

@ 01013411 Disk project sofiware
010134-41  ATESC2051-12PC, programmisd

No. 318 FEBRUARY 2003

20/40 MHz Logic Analyser

@ 0700321 PCB

@ 020032-11 Disk demo progri=m
020032-41  ATOOSS515-8PC. programmed

Active Loudspeaker System (2)

@ 020054-2 PLB

Auloranging Capacitance Meter

@ 0201441 PC8

@ 02014411  Disk, sowrce and hex fiss
02014441 PICIEFE4A-20P programemed

Dimmer with 0-10 V Control Input

@ 010125-1  conlrdd PCB

@ 0101252  dimmer PLB

Elecironic Hourglass

@ 0200361 PCB

@ 02003511 sk project soitware
02003541 PiC16FB4-04P programmed

Products for older projects (if available) may be found an our web site
hitp://www.elektor-electronics.co.uk

870
490

450
12:85

13:20
430
1000
10:00
480

=

1350

&

1260

1510
1085

1310
2300

1870
490

1090

10:80
490

£20
10-23

945

895
499
1520

1320
450

1315

480
11-30

13405
480

825
1065
453
715

1520
1

1510

795

735
440
1520

880
B85

1855
480
1520

B&5
2275

233
BES
17.70
17.70
850

863
2460

B65
2230

2675
1773

23.15
40.70

3310

19.30

19:10
865

865
18.15

1665

15835
88
590

2335

2330

885
20,00

2310
865
17.55

1460
18.60

865
1265

26.85
863
2670

1465
1300

885
26.90

17.00
1585

3285
B85
2680
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sneak preview

Oscilloscopes

An oscilloscops is one of the most versafile and
powerful toals you can have at your disposal
when it comes to analysing electronic circuit
behaviour (weird, erratic or ‘as expecied’), foult-
finding and repair. In this ariicle we provide an
overview of CRT oscilloscopes currently on the
market and tell you what to look for in respect of
specification, look and feel and eose of use, oll
depending on your budget, of course.

Goodbye ‘16,

Welcome PICT8F

The devices in the 18Fxx2 series of
microcontrollers that has been recently
introduced are pin for pin compatible
with their predecessors from the 16F87x
series and incorporate some significant
improvements. In this two-part article
Ron Coates looks at the advantoges of

Measurement Software for PCs
Professional systems for measurement, conirol
and process technology are heavily dominated
by PC-hosted measurement cards. To ensure they
can be used in many configurations, these cards
have only the bare minimum in respact of ‘intelli-
gence’, and their full potential is only unleashed
in combination with dedicated software. In this
article we present LabView and Profilab Expert,
fwo programs for this application area that differ
considerably not enly in complexity but also in
popularity and price

Also...

Capacitively Coupled SMPSU, USB
Memory Stick, CO; Sensor, Slave
Flasher for Digital Cameras, PICXEX18,
Body Fat Meters, Wideband Active RF

Probe
RESERVE YOUR COPY NOW! The October 2004 issue goes on sole on Friday 17 September 2004 (UK disiribution ealy),
UK subseribers will receive the mogazine o few days before this dale. Artide fitles ond mogazine contenis subject 1o change.
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Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and diskelles, state the pari number
and descriplion: for books, stale the full title: for pholocopies of articles, state full name of article and month and year of publication.
PLEASE USE BLOCK CAPITALS.

Description Price each Qty. Tofal Order Code
W METHOD OF PAYMENT
(see raverse before ticking as-appropriat
cD-ROM Robotics Note: cheques not made out
Micro Web Server: in sterling must be increased
by the equivalent of £15.00
MSC 1210 board £ 69.00 ]
x Bank draft
Network extension £ 41.95 I:I
- Cheque
Combined/package £103.50 (payable fo Flekior Eiectronics Publishing
Giro transfer
£6D = {our account no. 34 152 3801)
cb-rom ECD Edition 2 £ 12.95 Postalliioney order
D | B ELDOC AR
VISA Mastertard !
=] 2. i
Bxpiry date: @ oo
Prices and item descriptions subject to changs. Sub-total
The publishers ressrve the right to change pricss F
vithout prior notification, Prices and flem desoriptions P&P Please send this order form to *
shiowm here superseds those in previous issues E A DE (sse reverse for conditions)
Total paid Elektor Electronics (Publishinc
SWITCH only: issue number:
ly P.O. Box 190
Tunbridge Wells TN5 7WY
Name ENGLAND

Tel.: (+44) (D)1580 200 657
Address Fax: (+44) (0)1580 200 616
Internet: www.elektor-glectronics.co.uk

FPost code *USA 3nd Canada residents may
(but are not obfiged to)
: — use S prices, and s2nd the order form to:
el Fax Email 0ld Colany Sound L2b
P.0. Box 876, Peterborough
NH 03458-0876. Tel. (603) 924-6371, 924-6526,

Date - — 2004 Signature Faxc (603) 924-9457
Email: custservi@zudioXpress.com
“4 =
Yes, | am taking out an 18-month lekior METHOD OF PAYMENT
= L - e B e b&f kil 4
subscription to elekior electronics ol Lo G
ai Note: cheques not made out
and I'&(‘:EIV? a free 128-MB USB in sterling must be increased
Memory Stick. by the equivalent of £15.00
; i I:I Bank draft
would like:
i I:I Cheque
Army . hlz 1o Fek ics Publishi
D Standard Subscription (17 issues) B scaies 1 e
Giro transfer
|:| Subscription-Plus (our account no. 34 152 3801)
(17 issues plus the Elektor Volume 2004 CD-ROM) [ poetatimoneyionier
! _ EURDCZARD
See reverse for rales and conditions. D VISA Masiertard !
Title (DiMiMrs/Ms®)  Initials Surname Py e I
= (TOTOIIOT
Ao Please send this order form to
Worldwide Subscription Service Lt
Post code ' Unit 4, Gibbs Reed Farm
Pashley Road
Email Ticehurst, nr. Wadhurst
3 33T . East Sussex
FAgn Sgranue ENGLAND TN5 7HE
*cross out what is not applicable Tel. (+44) (0)1580 200657

Fax (+44) (0)1580 200616
ELOS Email wwss@wwss.demon.co.uk




ORDERING INSTRUCTIONS, P&P CHARGES

Except in the USA and Canada, all orders, except for subscriptions (for which see below), must be sent BY POST or FAX to our Tunbridge Wells
address using the Order Form overieaf. On-line ardering: hitp://www.elekior-electronics.co.uk

Readers in the USA and Canada may (but are not obliged to) send orders, except for subscriptions (for which ses below),

to the USA address given on the order form. Pleasa apply to Old Colony Sound for applicable P&P charges. Please aliow 4-6 weeks for delivary.
Orders placed on our Tunbridge Wells office must include P&P charges (Priority or Standard) as follows:

UK: £3.50 Europe: £5.00 (Siandard) or £7.00 (Priority) Ouiside Europe: £8.00 (Standard) or £12.00 (Priority)

HOW TO PAY

I———————————}

Unless you have an approved credit account with us, all orders must be accompanied by the full payment, including postage and packing charges as
stated above. Payment may be made by cheque drawn on a London clearing bank (but see para. 4 below), postal order, VISA, Access,
MasterCard or EuroCard (when paying by credit card, the order must go the cardholder’s address). Do not send cash through the mail. Chegues and
postal orders should be crossed and made payable to ‘Elekior Electronics (Publishing)’. Payment may also be made by direct transfer from a private
or busingss Giro account fo our Giro account No. 34 152 3801 by completing and sending to the National Giro Centre, in a National Giro
posiage paid envelope, a National Giro transfer/deposit form. Do not send Giro transfers direct to us, as this will delay your order. If you live outside
the UK. payment may also be made by Bankers' sterling draft drawn on a London clearing bank, Eurocheque made out in pounds sterling
{with holder's guarantee card number written on the back), or US or Canadian dollar cheque drawn on a US or Canadian bank. If you pay by Banksrs®
sterling draft. make clear to the issuing bank that your full name and address MUST be communicated to the London clearing bank. Our bankers are

NAT WEST PLC, 1 St James’s Square, Wadhurst, East Sussex TN5 6BH, England. Our account number is 3512 5225,
Sorting Code 60-22-15. IBAN code: GB40 NWB K6 022 15 3512 5225 BIC code: NWB KGB 2L

COMPONENTS

Components for projects appearing in Elektor Elecironics are ysually avaifable from ceriain advertisers in this magazine. If difficulties in the supply
of components are envisaged, a source will normally be advised in the article. Note, howeaver, that the source(s) given is (ars) not exclusive.

TERMS OF BUSINESS

Delivery Alihough every effert will be made to dispatch your order within 2-3 weeks from receipt of your instructions, we can not guarantee this
time scafe for all orders. Returns Faulty goods or goods sent in errer may be returned for replacement or refund, but not before obtaining our
consent: All goods returned should be packed securely in a padded bag or box, enclosing a covering letisr stating the dispatch note number. If the
goads are refurned because of a mistake on our part, we will refund the return postage. Damaged goods Claims for damaged goods must be
received at our Tunbridge Wells office within 10 days (UK); 14 days (Europe) or 21 days (all other countries). Cancelled orders All cancelled
orders will be subject to a 10% handling charge wiih a minimum charge of £5-00. Patents Patent protection may exist in respect of circuits,
devicas, componentis, and so on. described in our books and magazines. Elektor Electronics {Publishing) does not accept responsibility or liability
for failing to identify such patent or other protection. Copyright All drawings, photographs, ariicles, printed circuit boards, programmed infegrated
circuits, diskeites and software carriers published in our books and magazines (other than in third-parly adveriisements) are copyright and may

not be reproduced or transmitied in any form or by any means, including photocopying and recording, in whole or in part, without the prior permis-
sion of Elektor Electronics (Publishing) in writing. Such written permission must also be obtained befare any part of these publications is stored in
a retrieval system of any nature. Notwithsianding the above; printed-circuit boards may be produced for private and personal use without prior per-
mission. Limitation of liability Elekior Elecironics (Publishing) shall not be liable in contract, tori, or otherwise, for any loss or damage suffered by
the purchaser whatsoever or howsoever arising out of, or in connexion with, the supply of goods or services by Elekior Electronics (Publishing) other
than to supply goods as described or, at the option of Elektor Electronics (Publishing), to refund the purchaser any monay paid in respect of the goods.
Law Any question relating fo the supply of goods and services by Elektor Electronics (Publishing) shall be determined in all respects by the laws of

England. January 2004
SUBSCRIPTION RATES SUBSCRIPTION RATES
FROM JANUARY 2004 ISSUE FOR 18-MONTH SUBSCRIPTION

Standard Plus Standard Plus
United Kingdom £39.50 £45.50 United Kingdom £59.25 £65.25
Economy Mail Economy Mail
Rest of the World (excluding Europe)  £51.30 £57.30 Rest of the World (excluding Europe)  £76.95 £82.95
Priority Airmail : Priority Airmail
Europe & Eire £52.50 £58.50 Europe & Eire £78.75 £84.75
Middle East, Airica,Southwest Asia, Middle East. Africa,Southwest Asia,
Central & South America £64.00 £70.00 Ceniral & South America £96.00 £102.00
Australia, New Zealand, Australia, New Zealand,
Far East & Pacific Territories £66.00 £72.00 Far East & Pacific Territories £99.00 £105.00
Airfreight Airfreight
USA & Canada only US$88.00 USS96.50 USA & Canada only USS$132.00 USS140.50

Payment should be made by:

= Cheque or bankers' draft in sierling drawn on a London clearing bank
(except in the USA and Canada — see below);

* USS cheques drawn on a US or Canadian bank — only by subscribers
in the USA or Canada.

= Direct transfer to our bank (NAT WEST PLC, 1 St James’s Squars,
Wadhurst. East Sussex TNS 6BH, England).
Qur account number is 3512 5225, Sorling Code 60-22-15.
IBAN code: GB40 NWB K& 022 15 3512 5225 BIC code: NWB KGB 2L

* Posial order.

= Credit card: VISA, ACCESS, Euro/MasterCard, JCB Electron or Switch.

* Transfer io our Giro:Account number 34 152 3801. Giro transfars
should be made by completing and sending the appropriate transfer/
deposit form to the National Giro Centre (UK) or io your national

. Giro Centre.

Cheques and postal orders should be made payable to Elektor
Electronics (Publishing). Do not send cash through the mail.

SUBSCRIPTION CONDITIONS

The standard subscription ordar period is twelve months. If a permanent
change of address during the subscription period means that copies
have to be despaiched by a more expensive service, no exira charge will
be made. Conversely, no refund will be mads, nor expiry date extended,
if a change of address allows the use of a cheaper service.

Student applications, which qualify for a 20% (twenty per cent) reduction
in current rates. must be supporied by evidencs of studeniship signed by
the head of the coflege, school or university faculty. A standard Student
Subscription costs £31.60, a Student Subseription-Plus costs £37.60
(UK only).

Please note that new subscriptions iake about four wesks from receipi of
order o become eifective.

Cancelled subscriptions will be subject io a charge of 25% (fwenty-five
per cent) of the full subscription price or £7.50, whichever is the high-
er, plus the cost of any issues already dispaichad. Subsciptions cannoi

be cancelled afier they have run for six monihs or mare.
January 2004




POWER AMPLIFIER MODULES-LOUDSPEAKERS-MIXERS [P P ypsymmm ~\
19 INCH STEREO AMPLIFIERS-ACTIVE CROSS/OVERS. |- © R e

| a{

B ELE TN OMP MOS-FET POWER AMPLIFIERS NESFITETIEIES Y Ve have combined the famous Peades XLS10

HIGH POWER, TWO CHANNEL 19 INCH RACK S VI REE IR in a compact MDF cabinet that measurebpﬂuniy

D390 x H295 x H295 to produce a truly

awesome sub woofer system suitable for both

10,000°s HI—I—T and AV use.

SOLD
TO PRO
USERS

Features:- *High and low level inputs *Frequency
adjust *Continous phase conftrol *200W RMS
*Seperate control of high and low level gain
*Automatic Speaker Protection. Comes
complete with mains lead, 5m stereo phono
lead,10m High level lead and Spikes

Available in Silver or Black, for further

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS

FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXFO00 (450W + 450W) mfnrrnabon Elaass look on our website at

ttp:/iwww.bkelec.com
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN £279.00 Each £8.00 withi lheUK land. Intemational
FEATURES- * Independent powi i ith two toroidal iransformers ch plus carriage within main 1. cariage charges
* Twin LED. Vu Metefsp 'l‘.e?& mmer Igsmlgﬁgrnﬂ 5‘.‘,,"%1 0{}%; ¥R in to Germany, France, Belgium, Luxebourg and Holland at only £16.00 per XLS200

or s s 'Sh"gﬁmgﬁ;“ggg ) wﬁy@hmﬁﬁgg XF1200D 600W Per Channel Class D BiEEYSCEAZ A
Loudspeaker and thenmal protection _ j

cases " MXFB00 & MXF200 fan Carriage £8.00

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC A

MXF200 W12~ D11 H3'L -

4 MXF400 W18~ D12° H5'
SIZES:- MXF600 W19~ D13” H5Y (3

. MXF900 W1g" D14" H5/" (30

PRICES:- MXF200 £175.00 MXF400 £233.85

ﬂehﬂ@tﬁ)ﬂﬂsmﬁuﬁamhmmnmmae but s stunning performancs lends
iiseif readly to Studio and High Power AV Cinema insials, 7 is also sufsbis for HiEnd HiFiuss.
Can be driven direct from a CD player and has balanced XLR input, unbalanced jack input.

MXFE00 £329.00 MXF900 £449.15
The latest in high-tech Class D ampiifiers coupled to two independant swifch-mode power
SPECIALIST CARRIER DEL £12.50 Each supplies. Front Panel:- Presence Leds, Clp Leds, t volume controls and

_ £ A
ABSOLUTE HIGH END CLASS D AMPLIFIER power On/Of switch with cool blue fuminated surounds. Rear Panel:- Mains [EC input,

Neutrik Speakon oulputs and Neutrik Combi i

The OMP MFD600 can be used as a stand alone | coirsaiteint  specification:- Output power S0W RMS into 2 Ohm, S00W RMS
monoblock amplifier or fitted into existing loudspeakers to | g inio 4 Onm. 300 RMS nio 8 Onm Frequency response 2 Hz o
make them active ) 22kHz, Input sensiivly 775mV, Input Imp.7.5k Chms, TH.D. 0.1%,

5 , S/N 85dB, Power Supply 230V AC 50Hz, Switching Frea.
o Compact design due to switch mode P.S.U. Weight 8.0kg, Size H44pﬁxyw4&2xL3?6m =

® 90% Efficient high switching frequency T

e Small srze fits in a 110mm x 92mm opening Thess mores now ey a workd-wide reputasion for QusiRy, efabify 2nd periormance 2t a feaist pios. Four

modsls vaisbs of
o Neutrik® Combi input balanced / unbalanced e e ot betew o e b o bty market . hosky Lo
e Output fully protected gess o PO, aﬁ&*?aﬁﬂsbwnm‘ﬁwﬂmmwaﬂmmw

—THDtISkNDSOFHODUtESPURCHﬁSED'BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Ouiput Power 110 wa!}s

R.M.S. inio 4 ohms,freque res
1GDkHz -3dB Dampm ac{t‘g >308m35£'w

e Status LEDS - Presence / Clip / Protect
e 600W /2 Ohm - 500W /4 Ohm - 300W /8 Ohm

e All powers in RM.S. | 45\.’.’11 H o t{Bd-
e Volume control. Input sensitivity 775mV ; — O el
e Freq. Response 2Hz-20kHz ey ; gmm?r: fooo“ru:hs];ga oulézgm Power 200 va
5 ¥ A CY | 1Hz§-
e Light weight 3kg Stunning performance — & s HBh.D%mwm rﬁ?uwe L
For further information please Audiophile Quality : S00mY, SR T 3 e~ T
look at our website at g O Potier 300 watte)

OMPIMF m ‘Mos-Fet Output Pawer 300 wa

R.M.SHinlo 4 cims,frec]:uency raaggmse iHz! -

__100kHz -34B Dﬁ.l_'n aclor > (4

S TH0 YRt 008 330 "ﬁ‘i 100mrp
Ze X X

4.75 + £5.00

450 Mo Fel Outpujt Pawer 450 watl
mm 4 oh eti:u ncy 1Hz

www.bkelec.com and click on
the modules and hybrids button

Special uanti ricin
%r?dM custor?‘used tgrlwgrk fogr
's.

Price £281.12 Inc Vat Each or
£499.00 Per Pair when quot-
ing this advert

Carriage UK Mainland Only £8.00

0001% in SI&W s
Fan &%Ied D.C

SE1HZ—

B. Dalr;'r"lp}'" actor ang&ew__ﬂ_.a!e
uS, THD. ypical 0.001%, Mput Sens

., S.N.R. 110dB-—Fan: Cooled, ! D.C.
Loudsgeaker Protsclion._2-Second Anti Thump

The BSB Range of Sub Bass Ampifiers consists of 5 = . e - "' Dela SrzedZZxSi}DxﬂSip i
panels with power outpuls of SOW to 500W to suit most et T Price:- 525450”5,_2_______12-0 P&Pp | |
of the DIY enthusiasts needs. All panels are airfight and e - 4 : TGS FET I

ma}@p&dwﬁlﬁh@m}dbﬁlﬂﬂrﬂim“ﬁ;
seperale gain conirols, frequency adiust and 0-180
Deg. continous phase control adjustment A full
connection lead pack included

P eerless XLS10 Sub Woofer Dnver

The renovwned Peertess XLS10 Drive unit is possibly one of the best 10

MODEL PRICE IMP.  ~ Please inch sub woofer drivers avaiiabla loday. Made in Denmark by Peerlass,
BSBP50 £89.95 8 Ohm State 4 a company synonymous with qualily and crafismanship. This drive unit
BSEP100 £117.44 "4/ Ohm or 8 Ohm is ideal for indiusion into small enclosures of around 17 Btres and wil
BSBP200 £149.50 *4/8 Ohm when give a tight controfied deep bass output. To further enhance the quali-
BSBP300 £184.50 4 Ohm ordering tizs of this unit greater ouipui and deeper Dass can be achisved by cou-
i} BSBP500 £219.50 4 Ohm piing the XLS10, with it's companion passive radiator the XLS10P
MOALSIKWE:: BRI 5 Peerless XLS 10 £89.00. Peerless XLS10P 32.90
e O s B b S TE e e
-3dB * >200" .05% * IGHTED >100dB * it > - .
SUPPLY 230V A.C. *WEIGHT 5.0Kg - SIZE H254 X W254 X D35mm For full specification and prices goto our website at http:/iwww.bkelec.com

THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :8sB200s | 2nd Ty our new shopping basket facility

8 OHM VERSION BSB200/4 4 OHM VERSION CHECK WEBSITE FOR PANELS UP TO 500W
L

L O S TLEASE RICLLOE A= YT === UNIT 1 COMET WAY. SOUTHEND-ON- SEA, ESSEX. SS2 GTR
MUM CHARGE OF £8.00 TO A MAXIMUM AMOUNT OF £30.00.

| Vi OFFICIAL ORDERS FROM SCHOOLS, COLLE GOVT., = TEL.: 01702-527572 FAX.: 01702-420243

3 \ ISA PLCs ETC. PRICES INGLUSIVE OF VAT SALES COUNTER m@ Web:- http://www.bkelec.com E-Mail sales@bkelec.com
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PROTELS

The Coniplete Electronics Design System
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E SPICE _'

— EF Simulation ;I = 3 =

S

CPU

Schematic & '_ £ Models -
PCB Layoutf =

* Powerful & flexible schematic capture.

* Auto-component placement and rip-up/retry PCB routing.
* Polygonal gridless ground planes.

® |ibraries of over 8000 schematic and 1000 PCB parts.

* Bill of materials, DRC reports and much more.

’-mfirr'ri!:

New Features
in Version 6.5

e Textual library part search.
e User defined keyboard map.
e CADCAM output to ZIP file.
e Bitmap import function.
@
L

i

Mixed Mode SPICE Circuif Simulation

¢ Berkeley SPICE3F5 simulator with custom extensions for
true mixed mode and interactive simulation.

e 6 virtual instruments and 14 graph based analysis types. Call Now for Upgrade Pricing
® 6000 models including TTL, CMOS and PLD digital parts.
 Fully compatible with manufacturers’ SPICE models.

Proteus VSM - Co-simulation and debugging for popular Micro-controllers

* Supports PIC, AVR, 8051, and BASIC STAMP micro-controllers.
* Co-simulate target firmware with your hardware design. NEW
* |ncludes interactive peripheral models for LED and LCD displays,

switches, keypads, virtual terminal and much, much more. ELECTRA
* Compatible with popular compilers and assemblers from SHAPE BASED
Microchip, Crownhill, IAR, Keil, and others. AUTOROUTER

NOW AVAILABLE
abcenC el s
Fax: 01756 752857 -
E I e c t r o nhitcEs Contact us for www.labcenter.co.ulc
53-55 Main Street, Grassington. BD23 5AA Free Demo CD info@labcenter.co.uk

Truetype fonts on PCBs.
Enhanced printer output.




