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Cortex-MO a simple choice

We're changing how engineers think about design, with Cortex-M0™ solutions that
let you save power, reduce cost, shrink your design, and get to market fast.

» Lowest active power — as low as 130uA/MHz

» Superior Code Density — 50% less code for most tasks :
» Higher performance — LCP1100 runs at over 45 DMIPS . :
» Smallest size — the LPC1102 has a footprint of 5 mm?

» Low-cost toolchain — LPCXpresso for less than USD 30

Show us how you switched from your old 8-/16-bit habit to the new 32-bit NXP
Cortex-MO solution and we'll send you a FREE LPCXpresso development board.

www.nxp.com/cortex-m0




Making Your Devices
mart & Simple!

Internet Connectivity Wizard

WIZnet’s uniquely patented Hardware TCP/IP technology has proven effective in millions
of network-enabled devices around the world, allowing users to easily add internet to the
devices with greater stability to ensure faster product releases out to the market.

Hardware TCP/IP Offload Technology

- Offloading Protocol Processing from a System MCU
- Stable Hardwired TCP/IP Logic

- Silicon-proven IP for SoC and ASSP

- High Performance & Low Cost Platform

- No Booting Time

- Simple System Composition

- Best-fits OS-less Device

Applications
- Smart Grid and Smart Meter
- Medical Device Management
- Industrial Control

- Robot Control

- Security System

Get more information at www.wiznettechnology.com : Z t
3003 North First Street, San Jose, CA 408-232-5415 ne

sales@wiznettechnology.com TECHNOLOGY



Pico farad - mega prospect

With trade magazines it is customary for
the editorial planning for the year to be
based on themes or a slight focus defined
for each edition. However the theme plan-
ning is not just a crucial bit of information
to the magazine editors — it also offers
guidance to press and PR agencies, adver-
tisers and, importantly, potential authors
who will typically use the list to submit a
relevant article to... the editor! Elektor’s
theme plan for 2011 is available for all &
sundry to view at www.elektor.com if you
click on the Service tab.

For sure, a number of our themes can be
accessed from so many angles that they can
easily fill the magazine pages on their own
strength. The March 2011 edition had a strong
focus on System-on-a-Chip (SoC), covering
the theme in ways that can be described as
exploratory, hands-on, hardware-based,
software-based and fun. For this month, test
and measurement forms the plot, unmistak-
ably. Immediately after releasing our theme
plan, articles and projects on T&M got initi-
ated to the extent that they could easily have
filled the pages of an Elektor issue exclusively
on electronics testing.

Test and Measurement is a diehard subject
as we’ve noticed from the response to
relevant news items on our News & New
Products pages and in the Elektor E-weekly.
Many of our readers thoroughly enjoy
building and using their own test equip-
ment and I’'m happy to say Elektor has
along record of success stories in this
field. However with the arrival of both the
microcontroller on the one hand and the
cheap DMM on the other, the focus has
shifted from the classic ohm/volts/amps &
farads cluster to more specialized applica-
tions like OBD, gigahertz RF and contact-
less temperature monitoring to mention
but three examples found in this edition.
The farad and the microcontroller are
happily united in Pico C (page 20) , a jewel
of a test instrument that beats most DMMs
hands down in terms of small capacitance
measurements, say below 10 picofarads.
Some say such values are “irrelevant”, oth-
ers, “in the realms of RF wizardry” or even
“black magic”. At the same time, there’s a
pile of worrying reports on my desk about
a serious lack of RF-educated engineers

in the industry, everyone having gone
embedded. The humble picofarad may
have a lot of potential.

Enjoy reading this edition,
Jan Buiting, Editor
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Colophon
Who’s who at Elektor magazine.

News & New Products
A monthly roundup of all the latest in
electronics land.

Non-Contact

Temperature Measurement

Things to pay attention to when buying or
using an infrared thermometer.

Pico C

As opposed to most DMMs and other C
meters this low cost instrument is totally
at ease with capacitances below 10 pF.

Wireless OBD-II

Here’s a car diagnostics interface with
Bluetooth or Zigbee — that’s right,
it’s all cordless.

Altimeter for Micro-Rockets

Ultra lightweight, this circuit has a data
recorder logging atmospheric pressure
every 25 ms, with a memory capacity of
16 K values.

GPIB-to-USB Converter

Just when you thought Hewlett-Packard’s
GPIB bus reached ‘vintage’ status,

watch how it gets retrofitted with a USB
interface.

E-Labs Inside:

Here comes the bus (4)

This month we discuss some reader
feedback received for the project. The
level is surprisingly high.

E-Labs Inside: A quick
temperature measurement...
Pitfalls and other things to watch out
for when doing IR-gun temperature
measurements.
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12 Non-Contact
Temperature Measurement

With an infrared (‘gun’) thermometer, you can quickly measure the tempera-
tures of all sorts of objects at a reasonable distance. Thermometers of this sort
are available with prices starting at a few dozen pounds. What do you need to
pay attention to when buying or using an infrared thermometer? Here’s our
critical answer and verdict.

20 PicoC

RF and radio repair fans probably do need to be told, but when it comes to mea-
surements below 200 pF or so, modern DMMs will produce coarse if not ridicu-
lous results. Elektor’s purpose-designed Pico C does a far better job. Beating
many DMMs hands down, this little instrument easily and accurately measures
capacitances down to fractions of a picofarad.

26 Wireless OBD-II

If you hate cables in connection with cars (literally) an interesting option is a
wireless OBD interface with a radio interface to a (laptop) PC. The all-homebrew
solution described here allows the choice of using either Bluetooth or ZigBee.

52 3 GHz Frequency
and Signal Level Meter

Here’s a treat for all fans of top notch test and measurement equipment you
can build and use in the workshop or at college. Keywords: 50 MHz to 3 GHz,
10 ppm accuracy and a signal level range of -40 dBm to +10 dBm. Readings are
displayed on a three-line LCD module, and the instrument is powered by three
standard AA cells.
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Asteroids & E-Blocks

Here we look at how Microchip’s 16-bit
dsPIC from can be persuaded to run the
classic game of Asteroids.

3 GHz Frequency and

Signal Level Meter

A sophisticated instrument capable of
measuring frequencies from 5o MHz
to 3 GHz with an accuracy of 10 ppm
and signal levels between -40 dBm and
+10 dBm.

Guitar Input for Multi-Effects Unit
Showing how the Elektor Multi-Effects
Unit can be matched to an electric guitar,
with an overdrive effect added.

MIDI Step Sequencer

A low-cost but extremely versatile back
beat generator that responds to MIDI
commands from your sound processing
equipment.

ATM8 Catches the RS-485 Bus
Apparently there’s no end to what the
Elektor ATM18 module is capable of
doing. This month it takes the RS-485
bus.

Hexadoku
Elektor’s monthly puzzle with an
electronics touch.

Gerard’s Columns
Partnering.

Retronics:

137 Years of Solid-state Electronics
Regular feature on electronics ‘odd &
ancient’. Series Editor: Jan Buiting

Coming Attractions
Next month in Elektor magazine.
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typer is able to do much
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This compact, professional PCB router can produce

complete PCBs quickly and very accurately. This makes

the PCB Prototyper an ideal tool for independent
developers, electronics labs and educational institutions
that need to produce prototype circuits quickly.

The PCB Prototyper puts an end to waiting for boards from
a PCB fabricator - you can make your own PCB the same

day and get on with the job. In addition, the PCB Proto-

A variety of extension options are available for other

tasks, and a range of accessories is already available.

Elektor PCB Prototyper

more than just making PCBs.

module

Specifications

* Dimensions: 440x350x 350 mm (WxDx H)

* Workspace: 220x 150 x40 mm (Xx Y x Z)

* Weight: approx. 35 kq (78 |bs)

* Supplyvoltage: 110-240VAC, 50/60 Hz

* Integrated high-speed spindle motor;
maximum 40,000 rpm (adjustable)

+ Integrated dust extraction (vacuum system
notincluded)

* USB port for connection to PC

+ Includes user-friendly Windows-based
software withintegrated PCB software

Ordering

The complete machine (including software)

is priced at US $4,900 plus VAT and shipping
charges (please enquire at sales@elektor.com).

Further information and ordering at

)

pcbprototyper
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NEWS & NEW PRODUCTS

“Time Machine” enables
fast user programming of
MEMS oscillators

The Time Machine is a complete program-
ming kit for SiTime’s MEMS-based silicon
timing products. It features fast program-
ming support for a variety of field-program-
mable MEMS timing devices, including sin-
gle-ended, differential, spread spectrum
and VCXO MEMS oscillators.

The included adapters allow five different
types of blank MEMS devices to be pro-
grammed, with packages sizes ranging from
2.5X2.0 mm t0 7.0 x 5.0 mm. Devices can be
programmed to any desired frequency in the
range of 1 MHz to 8oo MHz (depending on
the device type), and the programming pro-
cess usually takes less than a minute.
Frequency stability as low as +20 ppm is
possible, and the frequency can be pro-
grammed to five decimal places. Users can
also choose from four different supply volt-
ages:1.8V,2.5V,2.8Vor33V.

o~

In addition to the programming unit with
USB interface and a set of package adapt-
ers, the kit includes a USB cable, an HDMI
cable, an AC/DC adapter and an installation
CD. Regular software updates are available
on the Web.

http://www.sitime.com  (110051-VIII)

Wireless-enabled beacons
enhance equipment
safety and monitoring

Low power wireless specialist IDC Ltd enables
improved wireless machine monitoring and
enhanced safeguarding with its new range
of wireless-enabled stacking beacons. Easy
to install and operate,
the new beacons inte-
grate IDC’s ZB100 sys-
tem-on-a-chip devices
to enable central moni-
toring of all machine
types, including those
that for reasons of
cabling complexity
were previously con-
sidered impossible to
network.

IDC’s wireless stacking
beacons are manufac
tured by DG Controls
Ltd (Deegee), which
produces the UK’s

Chip-scale atomic clock module

largest range of visual and audible warning
equipment. Each Deegee lamp stack has
an intermediate section fitted with a ZB1oo
OEM module. This allows any standard Dee-
gee lamp stack to be wireless enabled.
The ZB1oo OEM module provides links for
two operating modes. The first enables the
state of the beacon lamps to be monitored
over the wireless network via a wireless gate-
way, which is connected to a central PC using
standard Ethernet or USB connection. This
mode is intended for machinery control sys-
tems using existing signal towers installed by
conventional cabling. With a wireless mod-
ule fitted in each beacon stack, the beacons
can report the state of each lamp over the
wireless network to immediately notify
plant supervisors of problems. In addition
to machine status, IDC’s PC software can
provide real-time analysis of the plant for
management and the main-
tenance department.
The second operational mode
enables the lamp stack to be
controlled over the wireless
network, eliminating the
need for hard wiring from
the machine controller. In the
case of dedicated controllers,
IDC provides wireless inter-
faces from its gateway using
industry-standard Modbus/
ZigBee protocol converters
for serial drivers or OPC/Zig-
Bee for Ethernet.
http://www.zig-bee.co.uk
(110051-1X)

Symmetricom has launched what

it bills as the world’s smallest and
lowest-power atomic oscillator. The
newest member of Symmetricom’s QUANTUM™ family of atomic
oscillators, the SA.45s Chip Scale Atomic Clock (CSAC), provides
the accuracy and stability of atomic clock technology with dra-
matically reduced size, weight and power. It is ideal for is ideal
for portable applications requiring precise synchronization and
timekeeping, especially in environments where GPS reception is
poor or impossible.
Symmetricom’s SA.45s CSAC incorporates several technology
breakthroughs that provide significant benefits for portable appli-
cations. It is only 16 ccin volume, weighs only 35 grams, requires
only 115 mW of power, and provides time accuracy two orders
of magnitude better than comparable crystal-based devices,
such as oven-controlled crystal oscillators (OCXOs) and temper-
ature compensated crystal oscillators (TCXOs). Its accuracy and

extremely low power consumption enable the SA.45s CSAC to
fulfill the requirements of demanding portable applications, such
as dismounted IED jammers, unmanned aerial vehicles (UAVs),
next-generation man-pack radios, military handheld GPS units
and geophysical sensors.
The benefits of the SA.45s have already been validated by early
adopters. Makers of underwater sensors have used the CSAC’s low
power consumption and increased stability to greatly increase mis-
sion duration. Users who rely on military GPS systems have found
that the CSAC has the stability to maintain synchronization even dur-
ing long GPS outages, and that it also enables rapid signal reacquisi-
tion. And of course, its small size and extremely low power consump-
tion allow them to get these benefits even in manpack systems.
The SA.45s CSAC is available in a commercial version rated for oper-
ation from -10 to +70 °C and a military version rated for operation
from -40 to +85 °C. US list prices start at $1500 in small quantities.
http://[www.symmetricom.com  (110051-XI)
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Handheld cable certifier
reduces installation time

The |DSU Certifier40G is an innovative hand-
held tester, which according to |DSU is the
fastest and most advanced cable certifier
available to installers tasked with meeting
the demand for higher bandwidth in local
access networks (LANs), storage area net-
works (SANs) and data centers. The |DSU
Certifier4o0G supports people responsible
for the quality and reliable performance of
networks in businesses, government orga-
nizations and campus environments.

The Certifier40G includes numerous innova-
tive features aimed at reducing installation
time and boosting installer productivity. For
instance, a unique design with touchscreens
at both ends allows users in the field to min-
imize walking time by initiating, configuring
and storing tests from either end of a link
or channel. Storage capacity for 2000 full
Cat 6A graphs minimizes time spent trans-
ferring results from the tester, and short
certification times - g seconds for Cat 6A
certification or 15 seconds for Class FA cer-
tification - let installers get the job done
quickly. Minimize time spent transferring
results off the tester with the capacity to
store over 2,000 full Cat-6A graph results.
The |DSU Certifier40G is designed to enable
contractors and network owners ensure
that the network cabling infrastructure
performs reliably and meets industry stan-
dards, establish warranty conditions, and
allow installers and cable manufactures to
meet customer expectations for high-qual-
ity work and solid network performance.
www.jdsu.com  (110051-XV)
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DOWNLOAD our free CAD software

DESIGN your two or four layer PC board

SEND us your design with just a click

RECEIVE top quality boards in just days

expresspch.com

NXP expands ARM
portfolio with LPCi200
industrial control series

NXP Semiconductors has released the
LPCi200 Industrial Control Series featur-
ing the ARM® Cortex™-Mo processor. The
LPCi200 extends NXP’s 32-bit ARM micro-
controller continuum and targets a wide
range of industrial applications in fac-
tory and home automation, such as white
goods, motor control, power conversion
and power supplies.

The LPCi200 product platform is specifically
designed with flexibility and customization
in mind, making it particularly suitable for
a wide variety of energy-efficient system

and power management requirements. For
example, in advanced washing machines
the LPC1200 can control the motor systems,
handle the user interface, monitor system
power consumption and manage off-board
communications in a simple, integrated
and energy-efficient solution. Its high-cur-
rent GPIO can directly control triacs with no
need for external transistors.

For high volume applications, the LPC1200
platform can provide rapid delivery of appli-
cation-specific solutions for a wide range of
industrial control requirements, thanks to
flexible links between the interrupt con-
troller, DMA subsystem, on-chip peripher-
als and GPIO. By recognizing external and
internal events and carrying out pre-defined
tasks without CPU intervention, these mod-
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ules dramatically reduce the CPU, allowing
the CPU to remain in power down longer.

The NXP LPCi200 series offers over 50 flash
and SRAM memory combinations, giving
designers maximum flexibility to optimize
features and product cost within the same
footprint. In addition, the small 512-byte
erase sector of the flash memory brings
multiple design benefits, such as finer
EEPROM emulation, boot load support from
any serial interface, and ease of in-field pro-

gramming with reduced on-chip RAM buf-
fer requirements.

Thanks to the ARM Cortex-Mo v6-M 16-bit
Thumb instruction set, the LPC1200 has up
to 50% higher code density than common
8- and 16-bit microcontrollers performing
typical tasks.

Cortex-Mo efficiency also helps the LPCi200
series achieve lower average power for simi-
lar applications, and NXP’s unique SRAM
architecture allows the LPCi1200 to mini-
mize power by automatically setting indi-
vidual 2-KB low-power blocks into the low-
est possible power mode.

http://www.nxp.com

(110049-1)
IIAR launches
development kit for NXP
LPC1227 MCU

Following the tradition of IAR’s KickStart
development kit product line, the KickStart

L FRONT P ]

B FREE
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Front Panel
Designer

to 10mm now available

provided material
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1
£

Sample price $57.32 + S&H
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FREE software, Front Panel Designer

m Cost effective prototypes and production runs
m Powder-coated finish and panel thickness up

m Choose from aluminum, acrylic or customer
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Kit ) -3
for LPC1227 includes a develop-
ment board with an ARM Cortex-Mo based
LPCi227 microcontroller, peripheral devices
and connectors, an IAR J-Link Lite debug
probe for SWD debugging, software devel-
opment tools, and board support packages
for a variety of real-time operating systems.
According to AR, this is the world’s first
commercial starter kit for the LPC1227
microcontroller, thanks to collaboration
between NXP and IAR Systems during the
development project.

The kit also includes a code-size limited ver-
sion of IAR Embedded Workbench, which
is a suite of development tools for building

WIRELESS MADE SIMPLE

QUICKLY AND COST-EFFECTIVELY MAKE YOUR PRODUCT WIRELESS

Featured Products:

LT Series Transceiver

315 MHz

418 MHz

433 MHz
+ Data Rates to 10K bps * Low Cost
# Direct Serial Interface * Long Range

| # Low Power Consumption « Ultra Compact

Ideal for the hi-directional wireless transfer of
serial data, control, or command information in
the favorable 260-470MHz band. Its advanced
synthesized architecture delivers outstanding
stability and frequency accuracy.

Function Relay Module
Provides four latched or momentary
felay putputs that are capable of
switching external AC or DC powered
loads of up to 5 amps.

315 MHz

418 MHz

433 MHz
* Dual Power (nputs
» 756 Unique Addresses
* Wide Operational Violtage
» FCC and Industry Canada Pre-Tested

S 800-736-6677

158 Ort Lane
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and debugging embedded system appli-
cations using assembly language, C and
C++. IAR Embedded Workbench is a fully
integrated development environment that
includes a project manager, editor, build
tools and the G-SPY debugger.
The IAR KickStart Kit for LPC1227 is priced at
US$169 and can be purchased online.
www.iar.com/eshop (110049-Ill)

JamaicaVM 6 now
available for multicore
systems

The Aicas Group recently introduced the
new multicore version of its JamaicaVM
hard real-time Java runtime environment at
the Embedded World conference in Nurem-
berg Germany. The JamaicaVM Multicore
version is based on the proven JamaicaVM
6 product, which supports the ]2SE Java 6
standard classes. Memory management
has been optimized to simultaneously run
multiple real-time threads on different CPUs
with minimal contention. The assignment
of Java threads to specific processor cores
can be handled by JamaicaVM or controlled
directly by the user. Even applications that
were not designed for multicore systems
can benefit from JamaicaVM 6 Multicore
by running memory management on a sec
ond processor core, removing this overhead

from the actual application.

JamaicaVM 6 is available for a variety of
operating systems and processor archi-
tectures, including Linux, PikeOS, QNX,
VxWorks and Windows CE. The new mul-
ticore version of JamaicaVM enables Aicas
to optimally support the increasing num-
ber of high-performance embedded sys-
tems and help meet the rising demand for
real-time applications in server systems in
sectors such as automation and finance.
JamaicaVM will continue to support single-
processor systems. In addition to real-time

elektor 04-20m

applications, JamaicaVM can be used for
graphic user interfaces on Linux, 0S-9, QNX,
VxWorks, Windows CE, and it supports the
Swing and OpenGL graphics interfaces.
http:/www.aicas.com (110049-1V)

Digital ambient-light
sensors boast advanced
features

Maxim Integrated Products has launched
the MAX44007 and MAX44009 digital
ambient-light sensor (ALS) ICs, which inte-
grate two optical sensors, an ADC and dig-
ital functionality in a tiny package. They
consume 100x less power than the nearest
competitive product, significantly extend-
ing battery life. They offer a unique inter-
rupt function that constantly senses the
light level and reports to the microcon-
troller when the reading passes the thresh-
old, which extends power savings by reduc-
ing the frequency of 12C communications.
The MAX44007/MAX44009 are well suited
for applications such as tablet and note-
book PCs, smartphones, TVs, digital light-
ing management systems, and light-inten-
sity monitoring applications. The all-in-
one integrated solution provided by the
MAX44007/MAX44009 reduces overall
reading error to 15% or less, and digital com-
munication of the light readings is immune
to noise on the communication interface.
Both of these features provide robust and
reliable light measurement for good pro-
duction yield.

The MAX44007 and MAX44009 incorpo-
rate many advanced features designed to
overcome or eliminate problems encoun-
tered with conventional light sensors, such
as systematic reading errors, sensitivity to
light outside the visible spectrum. opera-
tion behind tinted glass, limited dynamic
range and accuracy, power consumption
and design complexity.

http://www.maxim-ic.co (110049-XII)
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IR THERMOMETERS

Non-Contact

Temperature Measurement

What about that heat sink: is it the right size? With an infrared thermometer, you can quickly measure

the temperatures of all sorts of objects at a (reasonable) distance. Thermometers of this sort are available

with prices starting at a few dozen dollars. What do you need to pay attention to when buying or using an

infrared thermometer? This article sets you on the right path and provides information on a selection of

meters priced under 250 dollars.

By Harry Baggen (Elektor Netherlands Editorial)

At first glance, IR thermometers appear to be very handy instru-
ments for measuring temperatures at a distance with high accuracy
over a wide temperature range. Furthermore, they are now available
at relative modest prices, so quite a few people buy one without
giving much thought to the significance of the various features and
how to use them properly. It’s the same as what happens with a lot
of consumer goods nowadays: just press the buttons and see what
happens. Nobody bothers to read through the user guide, and most
people ignore it until they run into a problem that can’t be sorted
out any other way.

Fortunately, the situation is better among electronics enthusiasts.
We are all aware of the importance of knowing what we are measur-
ing, and most of us also want to know what we need to pay atten-
tion to when using a measuring instrument.

Although an IR thermometer can be very handy, you can’t expect to
obtain good results unless you use it properly and its specifications
match what you want to use it for. It makes a difference whether you
simply wish to measure a variety of objects with no need for espe-
cially high accuracy, or you need to know the exact temperature
of a small surface located a meter away from the instrument. You
need two different types of meters for these tasks. Accordingly, you
should read this article before you buy an IR thermometer.

Radiant heat

All objects radiate infrared energy. The warmer an object is, the
faster the molecules in the object move about, and as a result the
more infrared energy it radiates. The wavelength of this radiation
lies roughly between 0.5 and 100 um. This depends on the tem-
perature: the higher the temperature, the shorter the wavelength
of the radiated IR energy, as illustrated in Figure 1 for several dif-
ferent temperatures. This means that an IR thermometer must be
able to detect energy radiated in a specific spectrum in the IR band
in order to be able to measure temperatures accurately over a wide
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temperature range. In addition, you should bear in mind that only
perfect radiators (in technical terms, ‘black bodies’) actually radiate
all of their thermal energy. With other types of objects, the amount
of energy radiated also depends on factors other than the tempera-
ture of the object, such as the properties of the material and surface
reflection. This is expressed by the emissivity or emission coefficient
of the material, and it can strongly affect the accuracy of IR temper-
ature measurements. See the inset for more about this.

Features

What features should you look for when you buy an IR thermom-
eter? To start with, the price will naturally be a major factor. For
professional use, you need an instrument that is more reliable and
better calibrated than what you need for home or hobby use. Aside
from this, the price is largely determined by two factors: the mea-
suring range of the instrument and its angular field of view (open-
ing angle).

A large measuring range imposes more severe demands on the IR
sensor. Most inexpensive instruments can easily handle tempera-
tures up to around 200 to 300 degrees. Nowadays you can also
find instruments with ranges up to 500-1000 °C at reasonable
prices. There are some models priced as low as 150 dollars that can
manage 1000 °C, at least if the manufacturer’s specifications can
be taken at face value. However, most of the money goes into the
optics, and instruments with a small angular field of view are sig-
nificantly more expensive. Whether you actually need a small field
of view (FOV) depends on the intended use. A small FOV is cer-
tainly worthwhile for making measurements on electronic compo-
nents, such as small heat sinks and the like, where the rule is ‘the
smaller the better’. The angular field of view is usually stated as a
ratio, with 10:1 being a common value. This means that the diam-
eter of the measuring spot is one-tenth of the measuring distance
(see Figure 2). With this ratio, at a distance of 10 cm the diam-
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Figure 1. IR radiation emitted by a black body at various
temperatures (source: Scitec Instruments).

eter of the measuring spot is 1 cm, while at a distance of 1 mit s
10 cm. Incorrect estimation of the size of the measuring spot dur-
ing an IR temperature measurement is the most common cause of
incorrect readings. An IR thermometer indicates the correct tem-
perature only if the spot lies fully within the area to be measured
(Figure 3), and usually the spot area accounts for only 90% or so of
the measured energy. Accordingly, if you want accurate readings
you should hold the instrument as close as possible to the object
being measured. A good rule of thumb is that for high-accuracy
measurements, the area to be measured should be at least twice
as large as the measuring spot.

IR THERMOMETERS
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Spot diameter 10

2000 mm

Distance 100 500 1000

100913 - 12

Figure 2. The angular field of view of an IR thermometer
is specified as the ratio of the distance and
the diameter of the measuring spot.

Another key factor with regard to the accuracy of the readings is the
properties of the material whose temperature is being measured.
The reflectivity of the material is indicated by the previously men-
tioned emission coefficient. Simple IR instruments are permanently
calibrated for a value of 0.95. This is suitable for a wide variety of
materials, including wood, plastics, rubber, stone, water, concrete
and ceramics, but metals in particular have significantly lower emis-
sion coefficients, especially if they have a shiny surface. This can lead
to measurement errors as large as 50%. This means that there’s no
point in measuring the temperature of an aluminium heat sink with
a natural finish if your IR thermometer does not support emissivity

The following companies kindly supplied products for this test:

Amprobe (www.amprobe.eu)

BASETech: Conrad (www.conrad.com)

BK Precision (www.bkprecision.com)

Black & Decker (www.blackanddecker.com)
ELV (www.elv.de)

Extech (www.extech.com)

Fluke (www.fluke.com)

elektor 04-20m

HT Italia (www.htitalia.it)

Optris GmbH (www.optris.com)
Peaktech (www.peaktech.de)

Testo (www.testo.com)

Uni-Trend (www.uni-trend.com)
Velleman (www.velleman.eu)
Voltcraft: Conrad (www.conrad.com)
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Figure 3. Always hold the thermometer close enough to the object
to measured that the entire measuring spot is located within the
area to be measured.

adjustment.

To check this in practice, we ground one side of a small black anod-
ized heat sink down to bare metal, warmed the heat sink, and mea-
sured the temperature on both sides. The reading on the black side
was 65 °C, but on the bare side it was only 40 °C. To obtain a reason-
ably accurate indication of the temperature on the bare side with
the instrument, it would be necessary to reduce the emission coef-
ficient to approximately 0.15.

Methods for obtaining more accurate readings

There are three different methods for obtaining more accurate read-
ings with materials for which the emissivity is not known or deviates
too much from the default value of 0.95:

- Stick a piece of thin, matt black tape on the surface to be mea-
sured; it will have an emissivity fairly close to 0.95. Of course, this
works only at temperatures that the tape can withstand. Some man-
ufacturers of IR thermometers offer special tape for this purpose.

= ' (aod

Figure 4. We used this Fluke 572 IR thermometer as a reference for
our tests. It has a 50:1 FOV.

- Paint the surface to be measured matt black. Radiator paint can be
used for temperatures up to around 80 °C, and special heat-resistant
paints can be used for higher temperatures (up to 600 °C).

- Drill a hole in the object to be measured, with a depth at least
five times its diameter. Using the thermometer, measure the tem-
perature inside this hole (the hole diameter must be greater than
the measuring spot diameter). With materials whose emissivity is
greater than 0.5, this hole forms a nearly ideal black body. Unfortu-
nately, this is a relatively destructive method.

If it is possible to adjust the emissivity setting of the thermome-
ter (this is indicated in the summary table), you still need to know
the right value for the material to be measured. The user guides
for most instruments usually include a table of values for a large
number of materials, and the values for various materials commonly
used in electronics are shown in a table in the inset. This gives you
amore or less reliable reference point, but you still can’t be entirely

Figure 5. Some IR thermometers have a single laser pointer, while others have two and a few even have three.
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certain of the value. The best way to determine the exact value of
the emissivity of a particular material is to use an accurate contact
temperature sensor and compare the value measured with this
senor to the value indicated by the IR thermometer. Then you can
adjust the emissivity setting until the IR thermometer shows the
same value.

From economical to affordable

To see how usable IR thermometers are for various purposes, in
the Elektor lab we tried out a number of instruments of different
makes with prices below 250 dollars, testing them under a variety
of conditions. We intentionally selected models covering a wide
range of prices, extending from 30 dollars for the least expensive
model to just over 200 dollars for the most expensive. Incidentally,
it’s remarkable how many different types of IR thermometers are
available. It looks like they’re just as indispensable as multimeters.
As most IR thermometers are very similar in terms of appearance,
operation and features, there’s no need to describe them all individ-
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IR THERMOMETERS

ually. The key features, such as field of view, temperature range and
emissivity adjustment, are summarized in the accompanying table.
To provide a reference standard for all of this, Fluke kindly loaned us
amodel 572 IR thermometer, which sells for around 865 dollars and
has a field of view of 60:1 (Figure 4). In the near future we also plan
to present a comparison of measurements with an IR thermometer
and a thermal imaging camera; unfortunately we weren’t able to
complete it in time for this article.

The differences

So what are the biggest differences? As already mentioned, they
can be found in the measuring range, field of view and adjustment
options. A measuring range up to 200 °C or so is more than ade-
quate for most home-and-garden variety electronics applications,
and nearly all of the tested models are suitable for this. The field of
view varies considerably among the different models. For instance,
the cheapest models have a field of view of 1:1, with which it is prac-
tically impossible to make selective measurements unless you hold

r )
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Figure 6. Some instruments come with a type K thermocouple,
which can be used as contact sensor to measure the surface
temperature so that the emissivity setting can be adjusted for IR
measurements.

the instrument right next to the object to be measured. For a bit
more money, you get a thermometer with a field of view of 8:1 or
10:1, which is more like what you’re looking for. However, if you
want to measure something on a PCB or inside an enclosure, you
should be looking for an instrument whose optics provide an FOV
of 20:1 or 30:1.

Another important feature is the option of adjusting the emis-
sion coefficient setting. Particularly for measurements on metallic
objects, such as a bare aluminium heat sink, a fairly radical adjust-
ment of the coefficient is necessary to obtain correct readings. How-
ever, this feature is usually found only instruments at the upper end
of the price scale. Of course, this is all highly relative because we’re
talking about fairly inexpensive instruments here. Professional mod-
els can easily cost more than 250 dollars, but for that money you get
an officially calibrated device with guaranteed long-term accuracy.
With ‘no-name’ (or better said, imaginatively named) instruments,
only time will tell how stable they are.

All but two of the instruments we tested have a pointer beam,
usually in the form of a laser beam (see Figure 5 for the different
types). Only the Black&Decker unit has an LED beam, whose color
depends on the measured temperature. Some of the instruments
are equipped with two laser beams that indicate the size of the mea-
suring spot, which is very handy and considerably reduces measure-
ment errors. However, you should bear in mind that this indication
is usually incorrect at short distances because the laser beams cross
at a distance of 10 to 15 cm. Here as usual, you should use your
common sense when making measurements. For comparison, the
professional-quality Fluke 573 instrument we used as a reference
has three laser beams that indicate the center and diameter of the
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measuring spot.

An especially handy feature with some IR thermometers is the
option of connecting a type K thermocouple so you can measure
the temperature with a contact sensor. Then you can compare this
with the IR temperature reading and adjust the emission coefficient
precisely (Figure 6). For example, the HT3301 unit provides this
capability, and it has a measurement memory for up to 20 readings.
Most of the devices also have several other features, such as a mem-
ory for saving minimum and maximum temperature readings or an
alarm with an adjustable threshold level. All of this is noted in the
summary table.

Unusual models

There are few unconventional instruments in the group. The first is
the Peaktech 5090, which has a totally different appearance than
the other instruments and looks more like a multimeter. It also has
two measurement functions: temperature and relative humidity.
Both quantities are shown at the same time on a large display. The
humidity sensor is housed in a separate probe that is connected
to the meter by a coiled cable. Unlike the other instruments, the
IR thermometer function is continuously enabled after the unit is
switched on, which takes a bit of getting used to. The laser pointer
can be switched on or off with a separate button.

Speaking of multimeters, the Extech EX470 combines a standard
multimeter with an IR and thermocouple (type K) thermometer.
Although the IR measuring function does not offer many setting
options, this is a handy solution for an electronics hobbyist or pro-
fessional who needs an all-in-one instrument. The multimeter even
features true RMS readings along with capacitance and frequency
measurement.

To give you an idea of the variety of products that are available, we
also included an IR thermometer from Black&Decker in our selec-
tion. You can buy this device in an ordinary DIY home improvement
store. It is actually intended to be used for tracking down heat leaks
in your house, but it can be use for other purposes as well. The spot
size is too large for measuring small objects, but that’s also true of
quite a few of the other models in our selection. A special feature of
this instrument is that it has a user-settable hysteresis range (with
three steps), and the color of the LED spot changes when the mea-
sured temperature goes outside the hysteresis range (relative to
the initially measured value). Although the LED spot is smaller than
the measuring spot and not as easy to see at longer distances, the
color change is very a practical feature for the original application.

Practical experience

To test the instruments under practical conditions, we made several
measurements on different enclosures and heat sinks. These results
showed that all of these instruments are reasonably accurate; they
deviated only a few degrees from our Fluke 572 reference instru-
ment. However, you should bear in mind that the deviations are rel-
atively large at low temperatures (room temperature), where a dif-
ference of 2 °Cis much more significant than at high temperatures.
We also used a small electric hot plate to check the spot size and the
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Table 1a. Key specifications.

Model

Temp. range
FOV
Emissivity
Laser

IR band
Resp. time

Max-Min
High/Low alarm

Extras

Price

Model

Temp. range
FOV
Emissivity
Laser

IR band
Resp. time

Max-Min
High/Low alarm

Extras

Price

Model

Temp. range
FOV
Emissivity
Laser

IR band
Resp. time

Max-Min
High/Low alarm

Extras

Price

elektor 04-20m

P~

Amprobe IR608A

-18t0 400 °C
8:1
0.95 fixed
1
7to 18 um
0.5s

Extech EX470

-50to0 270 °C
8:1
0.95 fixed
1

_/_

Multimeter functions,

K-type thermocouple

Us$ 200

BASETech MINI 1
-331t0220°C
1:1
0.95 fixed

1s

_/_

US$ 30

=

Fluke 62

-30to 500 °C
10:1
0.95 fixed

Us$ 100

Testo 830 T1

-30t0400°C
10:1
Ajustable

Us$ 170

Uni-Trend UT 3008

-18t0 380 °C
10:1
0.95 fixed

US$ 40

BK Precision 635

-20to 550 °C
10:1
Ajustable
1
6to 14 um

1s

X /X

US$ 153

HT3301

-50to 1050 °C
30:1
Ajustable
1
8to 14 um
1s

XX
Hard case, K-type

thermocouple,
20-reading memory

US$ 205

L

Velleman DVM105
-33t0220°C
1:1
Ajustable

5to 14 um

Ts

X -

Storage case

US$ 55

Black&Decker
TLD100

-30to 150°C
6:1
0.95 fixed
LED

US$ 50

Optris MS LT

-32t0420°C
20:1
0.95 fixed
1
8to 14 um
0.3s

X[-

US$ 125

Velleman
DVM8861

-50to0 550°C
12:1
Ajustable
2
8to 14 um
0.15s

X/ X

Case

Us$ 120

ELV 8835

-50to0 1050 °C
30:1
Ajustable
1
8to 14 pum

1s
X[ X
Case, K-type

thermocouple,
20-reading memory

US$ 140

2~

Peaktech 4975

-50to0 550 °C
12:1
Ajustable
2
8to 14 um
0.15s

X[ X
Case

US$ 90

Voltcraft IR260-8S

-30to 260 °C
8:1
0.95 fixed

US$ 45

ELV VA 6520

-50t0 500 °C
8:1
0.95 fixed
1
8to14pum
0.5s

Peaktech 5090

-50t0 500 °C
8:1
0.95 fixed
1
6to 14 um
0.4s

X/-
Case,

built-in humidity
meter

US$ 120

Voltcraft
IR800-20D

-501to0 800 °C
20:1
Ajustable
2
8to 14 um
0.15s

X[ X

Case

USs$ 130
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accuracy of the laser pointer. Although this may not sound espe-
cially professional, in practice it turned out to be very effective. In
particular, with some of the instruments we had the feeling that the
built-in laser (or the IR sensor) was not properly centered. Especially
in the case of instruments with a small field of view, it is important
that the laser pointer marks the exact center of the measuring spot.
We found that this was not entirely true with various instruments;
the laser pointer was often misaligned by a few degrees. Sometimes
afew taps on the instrument were enough to cause the laser to sud-
denly shift by a few degrees. The worst in this regard was the Volt-
craft IR800-20D with its dual laser. Although the spot size stated
in the specs was very close to reality, the lasers clearly pointed too
far to the right and were offset from the actual measuring spot by
nearly half its diameter. The dual-laser units of the Peaktech 4975
and the Velleman DVM8861, which came from the same factory,
did not exhibit this problem, so we assume that it was an isolated
problem.

Nevertheless, it’s a good idea to not trust the laser spots blindly,
and it’s advisable to have some extra surface around the measur-
ing spot to ensure that you’re measuring the right thing. The three
laser spots of the Fluke reference instrument were perfectly aligned,
despite its narrow 60:1 field of view (actually, we hardly expected
anything else).

You should also take parallax errors into account at short distances.

A difficult choice?

An IR thermometer can be a very handy instrument if you use it
properly. We haven’t said anything about accuracy yet in this arti-
cle. Almost all of the devices have an accuracy of around 2%, which
yields a negligible error compared with all the other measurement
errors that can occur with an IR reading.

The important factors for making measurements with relatively
small objects, especially in the electronics area, are a small mea-
suring spot (preferably 20:1 or better FOV) and the possibility of
adjusting the emissivity setting. The ELV 8835, HT3301 and Volt-
craft IR800-20D meet this requirement. However, suitable models
are available from nearly all brands; here we only made a more or
less random selection from the wide range of available products.
Still, it’s clear that you can buy an instrument that fulfils these
requirements for as little as 130 dollars.
An instrument with a field of view of 8:1 or 10:1 (1 cm spot size at
a distance of 10 cm) is also perfectly adequate for measuring the
temperatures of somewhat larger objects, such as heat sinks, as
long as you remember to stay close to the object being measured.
Particularly for readings on electronic circuits, instruments with a
fixed emissivity setting of 0.95 will generally not yield usable results.
It’s noteworthy that many instruments come from the same facto-
ries in China (just like multimeters), with the only difference being
the color or the printing on the housing. Consequently, you should
pay careful attention to appearance when comparing different
brands of thermometers.
We were especially taken by the two mini-instruments in this selec
tion: the BASETech Mini 1 and the Velleman DVM105. They are
cute little gadgets for making the occasional quick measurement.
Although they don’t have any optics (a tube in front of the sensor
gives them a 1:1 ratio), the Velleman instrument does allow you to
set the emissivity value.

(100913-)

We thank Fluke Netherlands for making a Fluke 572 IR thermometer
available for use as a reference for our tests.

Emissivity (or the emission coefficient) is an indication of the extent to
which the thermal infrared radiation emitted by an object is determined by
the object’s own temperature. A value of 1 means that the infrared radia-
tion is determined solely by the object’s own temperature. A value less than
1 indicates that the emitted radiation depends in part on factors other than
the object’s own temperature, such as nearby objects or heat transmission.
Simple IR thermometers usually have a fixed emission coefficient setting

of 0.95. If the emissivity of the object to be measured differs from this, the
resulting readings will be inaccurate. More expensive instruments have an

adjustable emission coefficient setting.

m Emissivity Non-metal Emissivity
Bare aluminum 0.02-0.4 C(‘r’gj;t)e 0.93-0.96

Wood | 05055

Human skin 0.98

The emissivity values of a number of materials are listed in the table. They
have been compiled from lists provided by various manufacturers of IR thermometers. The emissivity of metals is strongly influenced by the

processing undergone by the metal and the surface treatment.

When compiling this table, we noticed that every manufacturer states somewhat different values, which makes it rather difficult to derive the
correct emissivity settings for an instrument from the table supplied with the instrument. The only sure way to determine the correct setting

is to measure the temperature with a contact sensor.
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TEST & MEASUREMENT

Pico C

By Vladimir Mitrovic (Croatia)

Even upmarket digital multimeters

boasting a built-in capacitance meter

are useless if you want to check

out tiny capacitances like 2.7 pF or

5.6 pF. Usually, you’re tied to a lowest
measuring range of 2000 pF, which

is a good laugh to RF designers and

radio amateurs. Although at 3.5
digits the DMM’s resolution is 1 pF,

any measurement below 200 pF or so
will produce coarse if not ridiculous
results. Pico C does a far better job.
Beating many DMMs hands down, *
this little instrument easily measures

capacitances down to fractions of a

picofarad.

Small capacitances like in the sub-10-
picofarad (pF) range are often invisible but
by no means insignificant. The seasoned
RF designer will know not just where to
sniff them out but also explain to the
more DC-minded just how a few stray
pF in a circuit may decide between wild
oscillation and controlled behaviour, EMC
Go/No-Go, volume production in China
or ‘forever-a-prototype’. Here’s a solder
blob with a residue of blackish dried resin
around it: 1.5 pF and no wonder the 2 GHz

CPU oscillator fails to operate because it
sees a significant reactance (feel free to
do the maths; they’re no fun). Likewise, a
10 cm long PCB track carrying pulses in the
nanoseconds range across a cheapo 4-layer
board: easily 5 pF, causing ringing and
other unwanted effects like resonances
upsetting digital logic at the far end (feel

G free to do the
E maths; they’re ugly).
Small capacitors are a radio
amateur’s and radio repairman’s delight
and your Editor could not resist scavenging
his vintage component drawer and show
you a few specimens in Figure 1. We’ve also
seen relatively small polystyrene capacitors
— say, in the 500 pF range — used in high-
end audio circuits and these you might also
want to check for accuracy and drift due
to ageing. Specifically in active (opamp)

Features

* range: <1 pF to 2000 pF (guaranteed);
2500 pF possible

* resolution: 0.1 pF

* readout: 2-line LCD

20

* low-cost, no SMD parts

 ATtiny2313 DIP20 microcontroller

* free source and hex code

e easy calibration with 1000pF 1% reference

capacitor

¢ microcontroller, board and kit available

from Elektor
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TEST & MEASUREMENT

filters, capacitor values really matter and
specifications like 1% suddenly make sense.
So, for all measurements below 1000 pF
(1 nF) forget about your 3.5 digit DMM and

Note the print to indicate value.
0.82 pF and 120 pF.

(d) Feedthrough capacitors. Low stray
inductance. Ideal for RF decoupling.
200 pF, 470 pF, 1 nF.

(e) Coffin and disc capacitors. Low loss
factor, zero stray inductance. On-PCB
coupling and decoupling. Fragile devices!

Connect straight to a PCB track and copper

earth plane. 27 pF, 820 pF.

(b) Ceramic capacitors, lead pitch 5 mm.
Pushing the limits of Elektor photography.

(c) Ceramic tubular capacitors. High
working voltage (250 V typ.).
12 pF, 39 pF, 320 pF.

(f) Ceramic trimmer capacitor.
3.5-10 pF adjustable.

(g) Tubular trimmer capacitors. Unless in
series, the rotor is best grounded.
0.3-3 pF, 1-6.5 pF.

(h) Silvered mica capacitor. 500 V working
voltage, 1966 NOS. Ebay-able.
470 pF.

(i) “Twister’ is the cheapest ultra-small C
you can make. Twist the wires to increase
capacitance, stop and cut off approaching
target value. Okay for use up to 200 VDC.

0.2-1.5 pF adjustable.

Figure 1. Small capacitance does not necessarily equate to small size or small importance.
Here’s a showcase of rare-bird, vintage and DIY capacitors ranging from 0.2 to 1000 pF.

elektor 04-20m
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Figure 2. Smart and utterly efficient is one way of describing this circuit, fully realizing of course that all the measuring is actually carried
out by firmware running inside the ATtiny microcontroller.

use Pico Cinstead.

Devil in the details

The measurement principle applied in
Pico C is well-known and widely used in
other similar instruments: an unknown
capacitance C, determines the frequency
of an oscillator. Next, a microcontroller
goes about measuring the frequency
and so determine the value of C,. Fair
enough, but if you want to measure
very low capacitances, you’re bound to
be confronted with parasitic (or ‘stray’)

Elektor Products & Services

* Printed circuit board: #100823-1
* Programmed ATtiny-20PU: #100823-41

* Kit of parts, including Project Case, programmed controller, LCD

and PCB: #100823-71"

capacitances in unexpected corners, as well
as electrical disturbances and many other
factors that may affect the measurement.
And that’s where commercial multimeters
often fail miserably despite their apparent
1 pF resolution. By contrast, Pico C solves
these problems with a simple but carefully
designed bit of hardware and cleverly
written software.

How it works
Let’s take a tour of the circuit diagram in
Figure 2. There’s old cronies to be found:

a TLC555, an ATtiny, a 7805 and an LCD
so this should be fun. Together with R1
and C7, the CMOS type TLC555 timer
(IC2) forms a 50% duty cycle oscillator
generating a frequency of around 3.2 kHz.
Do not attempt to use the bipolar (NE)555
here, you will shoot yourself in the foot. If
you connect your unknown capacitor C,
to K2, effectively it’s in parallel with C7 so
the oscillator frequency will be lowered.
Arguably, to ensure this frequency change
is substantial (i.e. measurable) even if C, has
just a few pFs to throw in, C7’s capacitance

 Firmware and source code (free download): # 100823-11.zip
* PCB artwork: #100823-1.pdf

* Hyperlinks in article

* First 100 kits with 1000 pF 1% polypropylene capacitor included.

Items accessible through www.elektor.com/100823
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COMPONENT LIST

Resistors

RT=1MQ 1%

R2=5.6Q

P1=10kQ trimpot, horizontal

Capacitors

C1=10uF 63V, axial, lead spacing 2.5mm

C2,C3,C4=100nF 50V ceramic, lead
spacing 0.2 in (5.08mm)

C5,C6 = 15pF 100V ceramic, lead spacing
0.2in. (5.08mm)

C7 =220pF 63V 1%, polystyrene, lead
spacing 7.18mm, e.g. LCR Components
#EXFS/HR 220PF +/- 1%

Optional: 1000pF 1% reference capacitor,
polystyrene or polypropylene

Semiconductors

D1=1N4004

IC1=7805

IC2 =TLC555 8-pin DIP, e.g. Texas
Instruments TLC555CP

IC3 = ATtiny2313-20PU, programmed, Elektor

should be kept low.

However, contrary to this reasoning a rather
high value was chosen for C7 (220 pF, 1%)
for the following reasons:

* parasitic capacitances around K2 and Cx
now have less influence on the oscillator
frequency;

* the relation between capacitance and
oscillator duty-cycle is not linear for
capacitances under 100 pF.

In order to compensate for the disadvantage
of C7’s relatively high capacitance, several

Figure 3. All the components except the LCD
go on this simple, double-sided circuit board.
The LCD is hooked up vertically or horizontally
using the 16-pin connector set. Here, horizontal
mounting is used to allow the two boards to be
fitted in an Elektor Project Case.

Shop #100823-41, see [1]

The rest of the circuit is conventional. The
ATtiny2313 micro ticks at 20 MHz thanks to
quartz crystal X1 and loading capacitors C5
and C6 (see inset). The ATtiny2313 micro
directly drives an LCD with two lines of 16
characters and LED backlighting you can
(optionally) turn on by fitting jumper |P1.
R2 if necessary defines the brightness.
Be sure to adapt its value to match the
requirements of the LCD you’re using.
The Elektor supplied DEM16217 LCD
module has an internal series resistor and
its backlight normally consumes 33 mA
at 5 volts. The LCD contrast setting is

Miscellaneous

K1 =2-way PCB screw terminal block,
lead spacing 5mm

K2 = 2-way pinheader and receptacle,
lead spacing 0.1 in. (2.54mm)

JP1 =jumper, 0.1in. (2.54mm)

S1 = pushbutton, SPNO, 6mm

X1 =20MHz quartz crystal, C;=18pF,
50ppm, solder wires

LCD = DEM16217, 2x16 characters with
backlight, e.g. Elektor # 030451-72
LCD connector = 16-way (14+2) SIL
pinheader and socket, right angled, lead
spacing 0.1 in. (2.54mm). See text for
connection of DEM16217 LCD.

20-pin DIP socket for IC3

8-pin DIP socket for IC2

PCB, Elektor # 100823-1

Kit of parts, including Project Case, PCB,
LCD and programmed microcontroller;
Elektor # 100823-71.

D1 affords a degree of protection against
polarity reversal of the DC input source.
Replacing the diode with a wire link, and
the 7805 with a low-drop regulator allows
Pico C to be powered from four 1.5 V dry
cells in series.

Assembly

The little instrument is built on a printed
circuit board designed by Elektor Labs.
The component mounting plan appears in
Figure 3 and the associated copper track
artwork as usual is a free download from
the project page on the Elektor website [1],
where you will also find the ATtiny source

Free 1000 pF 1% reference capacitor included
with first 100 Pico C kits

measures were taken at the microcontroller
side:

instead of only one, it measures the time
period of 24 cycles;

thanks to the ATtiny’s high clock signal
of 20 MHz, 680 counts are available to
resolve a change of 1 pF, which is a solid
basis for accurate measurements even in
the case of a 0.1 pF capacitance change;
by configuration Timer0 and Timer1

are linked via their common PD5 pin
(Timer0 OCOB output; Timer1 input pin)
and form a unique 25-bit binary counter,
which in turn ensures a high resolution.

elektor 04-20m

adjustable on trimpot P1.

Pushbutton S1 when pressed pulls the
PDO line low triggering the start of the
instrument’s calibration mode — more
about this further on.

A totally traditional power supply around
IC1 completes the design. The instrument
is powered from a DC source with an output
voltage between 9 and 12 volts and capable
of doing about 200 mA if a backlit LCD
is used. A cheap wallwart will do the job
admirably, but a 9 V battery may also be
used for short measurement and with the
LCD backlight disabled — the instrument
alone consuming about 20 mA. Diode

code and hex files. Those of you with no
access to an ATtiny programmer will like
to hear that ready-programmed micros are
available from the Elektor Shop [']. Even
better, a kit of parts is available, this includes
the printed circuit board, an Elektor Project
Case, LCD and the programmed micro.

All parts are through-hole and fitted at
the component side of the board. A good
quality 20-pin IC socket is recommended
for position IC3 (note orientation). If you
work neatly and copy-cat the lab prototype
pictured here you stand the best chances of
success.

Care should be taken to prevent the quartz
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When a zerois not0

C5 and C6, there you have them — tiny capacitors of just

15 picofarads! Small as they may be, if you get them wrong, the
entire circuit won’t work. These capacitors provide the required
load on the quartz crystal. Let’s eavesdrop on Elektor labs
answering a tech phone call from a reader (a programmer, very

assist.”

likely) complaining his microcontroller-based circuit doesn’t” work

(because of a stalled CPU oscillator).

“No Sir, the print ‘151’ on the ceramic capacitor from XYZ Corp. Inc.
does not mean 151 pF but 15 with one zero behind it. That’s 150 pF,

crystal case from touching the solder pads
underneath it. That’s why the crystal is
mounted either .1 of a millimetre above the
board surface, or with a piece of thin plastic
sheet or tape inserted.

Location C7 on the board allows capacitors
with various lead pitches and lead
positions (relative to the case) to
be mounted. For the prototype
a bright orange Siemens 1%
polystyrene device was used.

Many options are available for
housing the board in a small
enclosure and this is left to
the constructor’s preferences,
insights and PayPal account
status. One prototype was
fitted in an Elektor Project Case
(# 100500-71), which is also
included in the kit you
can buy for the project.
By now, it should be
obvious that the stray
capacitance at the
TLC555’s input must
remain as small as
possible. Consequently
it is paramount that
the board be mounted
in such a way that the
capacitors under test
get connected with the shortest possible
lead lengths. Remember, all wiring —
also of the fixed type — represents a
parasitic capacitance that adds to your
measurements.

As compared to other 2x16 character
LCDs on the market the DEM16217 has
its L+ and L- connections at the ‘wrong
end’ of the 14-way connector row, so
a workaround was devised using two
separate pin connections and wires shown
in Figure 4. When in doubt, consult the
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~ DEM16217

da-PasaBbseac 00| 4+

which you may also find printed as ‘n15’ (0.15 nF). Whichever,
whatever, it’s not suitable for the Pico C circuit. And no, the print
‘150’ does not mean 15 with zero zeroes behind it, it actually stands
for 150 pF; 15 pF is normally printed as ... “15p’. Thank you, happy to

A can of worms to the Youtube generation; a chuckle from the old
hand at electronics from the radio days. Now try ‘p82’ and ‘n12’

LCD’s datasheet.

Practical use and calibration

First off, always connect the capacitor under
test directly to the Pico C test terminals,
or, if that’s not possible, using the shortest
possible leads. Remember, you’re dealing

L=

T

with tiny capacitances here and two test
leads of say 30 cms easily represent 50 pF
or more, especially if crossed or twisted.

Pico C requires calibration in order to
work correctly and a 1000 pF (1 nF) 1%
polystyrene, polypropylene, silver mica or
other high precision capacitor is required
for the job. The calibration routine in the
ATtiny’s firmware is called automatically
when Pico C is switched on for the first
time and can be repeated at will if you press
pushbutton S1 and keep it pressed until the

(Figure 1b) and all of you should be forever happy to have Pico C
handy on your workbench!

message “Cal:” appears on the LCD (this will
take 2-3 seconds). The microcontroller will
guide you through the calibration process.
As the first step, you will be prompted to
remove any capacitor from K2 and only then
briefly press S1:
Cal: C=0pF (S1)
In the second step, you are
prompted to connect the
1nF/1% reference capacitor and
briefly press S1:
Cal: C=1nF (S1)
This ends the calibration
procedure. The message

Calibrated

is briefly displayed, whereupon
Pico C enters its normal measuring mode.
In measuring mode, the microcontroller
measures the period of 24 consecutive
cycles of the oscillator output signal,
compares the result with the values
memorised during calibration, and then
calculates and displays the capacitance
of the currently measured capacitor. For
example, if the reference capacitor is still
inserted, the display will show the message:

Cx= 1000.0pF

Or, if there is no capacitor inserted, the
display will show

Cx= 0.O0pF

You can measure capacitances up to
2,000pF or even a bit higher — the actual
upper limit lies between 2400 and 3000

pF depending upon IC2’s free running
frequency. There are internal hardware and
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software controls that detect overflows
produced by the counters and variables.
Overflows may cause wrong calculation
results or even a program lock-up. If you
insert a capacitor with a too high value, an
overflow will be detected at some level of
calculation and the message

Error: C>>

will be displayed. If this happens in
measuring mode, normal measurements
will be restored as soon as the large
capacitor is removed. If you use an
inappropriate reference capacitor, the same
message can appear during calibration,
which will be interrupted for repeating with
a proper reference capacitor.

Accuracy and stability

The accuracy of the little instrument
depends primarily on the accuracy of
your reference capacitor. Immediately
after calibration you may expect 1%,
+1 digit accuracy or better, if you can get
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Figure 4. Inconveniently the DEM16217 LCD has its connections for the backlight LED(s)
at the pin-1 side of the connector row, forcing the use of two wires and pin connectors to
connect to the Pico C board.

and 0.1 pF.

If you notice persistent inaccuracies in your
measurements, like a readout other than
0.0 pF without a test capacitor, or an error

timing. BascomAVR is pretty wasteful when
it comes to arithmetic with long variables
and it was a challenging task to fit the whole
program into the ATtiny2313’s 2 KB of flash

For all measurements below 1000 pF forget about your
DMM and use Pico Cinstead

your hands on a more precise reference
capacitor. Although the output frequency
of the TLC555 timer is only slightly
temperature and voltage dependent, even
small fluctuations become visible due
to the instrument’s high resolution. For
example, if you measure the same capacitor
for several minutes, some change in the
measurement results may be observed.
In the Elektor labs, on testing the stability
with a high-spec 1 nF polypropylene
reference capacitor it was found that the
measured value had a tendency to change
afew tenths of a pF upwards in the first two
minutes or so after calibration. After several
hours, the measured value may be seen to
change to 1001 pF or 999 pF. This might
seem inaccurate, but actually represents
a deviation of only 0.1%. During the same
period, without a capacitor attached the
readout was seen to vary between -0.1 pF

elektor 04-20m

clearly exceeding 0.1% when measuring the
reference capacitor, you may repeat the
calibration as explained before. Calibration
values are written in the EEPROM inside the
microcontroller and will be reused the next
time Pico C is switched on. If used at room
conditions with no significant temperature
changes, Pico C normally won’t require
calibration each time it is used. However,
with the microcontroller’'s EEPROM allowing
100,000 write cycles (sez the Atmel sales
rep), there should not be a problem if
you calibrate Pico C whenever you think
appropriate.

Software development

The ‘EE_pico_C.bas’ program was written
in BascomAVR programming language [2],
with several assembler routines. Interrupt
and measuring routines are written in
assembler, to have better control over

memory. That’s why some calculations
and conditional branching are written in
the assembler, too, as you will be able to
discover for yourself in the source code
file that’s available free from the Elektor
website [1].

(100823)

Internet Links

[1] www.elektor.com/100823

[2] Bascom AVR Course, parts 1-6,
Elektor September 2008 through
February 2009.
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Wireless OBD-II

by Folker Stange and Erwin Reuss (Germany)

The cheapest way to diagnose faults

on a modern car is to connect its

OBD-ll interface to a (notebook) PC
running suitable diagnostics software.

However, a wired connection is not

always the most suitable, and self-

contained OBD testers are a rather

expensive and less flexible alternative

to using a PC. An interesting option is a wireless OBD interface with a radio interface to a PC: the

homebrew solution described here allows the choice of using either Bluetooth or ZigBee.

Almost every car these days has a diagnos-
tics connector hidden away somewhere in
the passenger compartment. Although the
distance from the steering wheel is, with
some exceptions, standardized (at 2 feet),
this does not seem to have constrained
manufacturers’ creativity significantly:
OBD-II connectors are found tucked away
in the door pillar, in the driver’s footwell,
in the central console, in the glove box,
behind ash trays and storage compart-
ment flaps and in who knows what other
nooks and crannies. It is probably best not
to have to try to find the connector in a
hurry when your car has conked out at the
side of the road.

Make the connection

Assuming that you have managed to find
your OBD-II connector, the next task is to
get data from it to your PC. This requires
special-purpose software along with, in
the simplest case, a level shifter to convert
the OBD-II signals to RS-232 voltage lev-
els. Often a USB-to-RS-232 adaptor will be
required as well, as few modern PCs have
RS-232 ports.

In the most straightforward scenario just
one pin (called the ‘K’ line) on the OBD-II

26

socket is used. Then a MAX232 is all that is
needed on the hardware side, with a bidi-

| | T N\
I overvoltage protection I
I
I 12V power supply I
| |
V batt
detector | 9 |
1
Processor clock
CAN 8 MHz external |
72 MHz internal
1 1
L 1 control :
CORTEX block | |
| VPWM | | M3
H PWM CPU u
- 1 1
L-Line | | R, H
| K-Line buffer memory T: [ |
N
transit mode 2<
\, /
DIAMEX DXM  140872-14

Figure 1. Block diagram of the DXM
module with 32-bit ARM Cortex M3
processor for OBD applications.

rectional output stage to interface to the
socket. Using software specific to the model
of vehicle the car’s electronics can then be
interrogated.

In theory this remains valid with the stan-
dardisation of OBD-II. Indeed, the pin-
out of the diagnostics connector is stan-
dardised (for most pins at least), and there
is a basic set of five permissible protocols
(1ISO, KWP2000, PWM, VPWM and CAN).
A universal interface has to be able to rec-
ognise all these protocols and be able to
adapt itself accordingly. This means that
in practice the interface needs a microcon-
troller in addition to the level shifter so that
a connection can be made automatically
to the vehicle’s electronics and the desired
data transferred. In combination with suit-
able OBD-Il software it is then possible to
obtain diagnostics from any petrol-engined
car built from 2000 onwards and any die-
sel-engined car built from 2003 onwards,
regardless of manufacturer. Normally the
interface is plugged directly into the OBD-
Il socket in the car and then linked to a
notebook using a USB or RS-232 cable. It
is more practical, however, to use a radio
link between OBD interface and notebook,
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Figure 2. The OBD-II Bluetooth interface circuit consists of a DXM module and a Bluetooth module plus a 3.3 V switching regulator.

especially if diagnostics are to be obtained
while driving. In this case it is possible for
the OBD interface to derive power from
the OBD socket itself. As many notebooks
and netbooks already include a Bluetooth

Features

compact size, fits inside an OBD-II plug
integrated DXM module

interface (and those that don’t can be kit-
ted out with a suitable dongle), this would
seem to be the ideal standard to choose. If
Bluetooth is not suitable, ZigBee is available
as an alternative.

ZigBee version

Build-it-yourself

In making a compact and powerful OBD
interface it is impossible to avoid the use of
fine-pitch SMD devices. However, the DIY
approach is feasible if a ready-populated

Cortex M3 and Atmel AT9oUSB162 host microcontroller
Windows driver using INF file

automatic protocol scan

PWM, VPWM, ISOg141, KWP2000 and CAN interface standards
software compatible with ‘moDiag’ and ‘OBD-DIAG’

suitable for use with all OBD-ll-equipped cars

Bluetooth version

* compatible with Windows XP, Windows Vista and Windows 7
e Class 3 Bluetooth module with maximum range of 300 feet

elektor 04-20m

Frequency range 2405 MHz to 2480 MHz with automatic channel
selection

Receiver sensitivity —101 dBm

IEEE 802.15.4-2003 (ZigBee-like protocol)

automatic retry on failed transmission

range approximately 30 to 45 ft. (maximum approximately 100 to120 ft.)
ZigBee USB stick compatible with Windows XP, Windows Vista and
Windows 7
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FETTIEY

[
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Figure 3. Top and bottom sides of the Bluetooth interface board with OBD plug soldered on.

SMD microcontroller module is used. The
DXM module [1] used here was described
in the September 2009 issue of Elektor [2].
As Figure 1 shows, this unit comes with
an ARM Cortex M3 processor and a pano-
ply of peripherals. With firmware loaded it
becomes a universal OBD-Il diagnostics and
control unit that can be connected directly
to the vehicle’s OBD-Il connector. The mod-
ule can be configured for various applica-
tions using AT commands (for further infor-

mation see [1]), including as a diagnostics
interface running at a suitable baud rate.
On the output side it offers a serial inter-
face at 3.3 V levels. This can be connected
to a wireless transceiver, which might, for
example, be a Bluetooth or ZigBee module.
We will look at both options below.

Bluetooth
Figure 2 shows the Bluetooth version of
the OBD-ll interface circuit. The DXM mod-

ule is connected to the OBD-Il connector
on the input side and to the compact Ray-
son BTM222 Bluetooth module on the out-
put side. This module was described in the
December 2009 issue of Elektor [3], and
has already been used to provide a Blue-
tooth extension to the autonomous OBD-II
Analyser NG [2]. The module comes com-
pletely preconfigured and transfers data at
19200 baud. We therefore also configure
the DXM module to run at this speed.
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Figure 4. Circuit of the ZigBee USB stick, specially designed to work with the ZigBee OBD-Il interface.
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Figure 5. The ZigBee OBD-Il interface includes two ARM Cortex processors: one handling OBD communications in the DXM module and
one for communicating with the AT86RF230 ZigBee transceiver device.

Power for the circuit is obtained from the
OBD-Il socket, which provides the vehicle’s
on-board 12 V supply. Diode D1 provides
reverse polarity protection, and a small
switching reqgulator efficiently steps the
voltage down to the 3.3 V required by the
two modules.

The BTM222 is a ‘class 3’ Bluetooth mod-
ule, with a specified range of up to 100 m.
However, this range is achieved only under
ideal circumstances, and requires the use
of a class 3 Bluetooth receiver at the other
end of the link: this is not provided by most
Bluetooth-equipped notebooks. If maxi-

elektor 04-20m

mum range is required, then a class 3 Blue-
tooth dongle can be used as the transceiver
on the PCside. The circuit board, included in
the kit of parts, has a printed quarter-wave-
length antenna built in. This antenna works
very well and should not be modified by the
addition of extra lengths of wire. The board
is ready populated with the SMD compo-
nents, and only a few components remain
to be soldered (the blue device in Figure 3
is coil L1, not an electrolytic).

ZigBee
Whereas with Bluetooth data transfer is

authorised by pairing devices using a pass-
word, ZigBee is a point-to-point protocol
between two fixed stations. Since note-
books generally do not come with ZigBee
interfaces, it is necessary to use a USB don-
gle plugged into the computer. A range of
up to 120 ft. is possible, but the interface is
designed for communications over a rather
shorter range.

The circuit for the ZigBee USB stick designed
for this project is shown in Figure 4. Here, as
in the ZigBee version of the OBD-Il interface
circuit in Figure 5, the transceiver device
used is the Atmel AT86RF230, which in
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Figure 6. Top and bottom sides of the ZigBee interface board with OBD-II plug soldered on.

each case must be configured in software.
For this reason both circuits include a host
microcontroller: in the OBD interface circuit
this is an NXP LPC1313 Cortex M3 device,
while in the USB stick an Atmel AT90USB162
is used. In each case the microcontroller is
responsible for initialisation and for optimiz-
ing the data transfer for the requirements of
OBD-II. All data transferred have to be spe-
cially treated for OBD-Il, and so in the end
we are looking at a proprietary data trans-
fer format. Consequently the home made
ZigBee USB stick is the only one that can be
used here.

The LPC1313 has to make the data stream
available very quickly, in order to add as lit-
tle as possible to the overall latency. This is
the reason for choosing a powerful 32-bit
Cortex M3 device in the ZigBee OBD-Il inter-
face. The AT90USB162 is an ideal choice for
the USB stick, as it includes a built-in USB
interface.

The wiring of the AT86RF230 ZigBee trans-
ceiver follows Atmel’s recommendations. A
transformer (balun) matches the signal to
the printed quarter-wavelength antenna.
The firmware for the two microcontrollers
can be downloaded from the Elektor web-
site as a hex file [5]. There is scope to mod-
ify the code in the ZigBee interface, and the
programming connections for both micro-
controllers are available on the board. Inter-
ested constructors can therefore experi-
ment using a suitable in-system program-
mer [6]. Button S1 in Figure 5 is only used
when the system has to ‘learn’ a new USB
stick.

The circuit around the OBD connector and
power supply is not especially different from
the Bluetooth version. A kit is also available
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for the ZigBee version, containing all the
necessary components and with the SMDs
already fitted. Figure 6 shows the popu-
lated board with OBD plug soldered on. The
companion ZigBee USB stick, corresponding
to the circuit in Figure 4, is available ready
assembled, although the board is still visible
(see Figure 7).

Construction

In both versions the DXM module is sol-
dered to the underside of the printed circuit
board. A trick comes in handy to simplify
desoldering the DXM module and BTM222

Figure 7. The ZigBee USB stick showing the
circuit board in its transparent enclosure.

module in the Bluetooth version if neces-
sary: cut a small piece of paper (10 mm
by 25 mm) and place it between module
and board (Figure 8), leaving a narrow
gap. Then the module can be more easily
removed from the board using desoldering
braid.

When soldering the modules (the DXM
module and the BTM222 module in the
case of the Bluetooth interface) it is best
to solder first just the pins that are actually
used in the circuit. Figures 9 and 10 indicate
these pins with dots. A reasonably power-
fuliron is required to solder the ground pins
on the modules. On the Bluetooth version
the only components to be soldered are the
coil L1 (the blue component in Figure 8),
the headers for RXD and TXD, and the two
jumpers (see Figures 8 and 9).

On the ZigBee version the coil is soldered
on the same side of the board as the DXM
module.

The OBD plug is mounted in the same
way on the two versions of the interface.
First solder the eight-way header and then
remove the black plastic strip from the pins,
using a knife or pliers to lift it away. This
makes subsequent soldering of the OBD-
Il connector block (the right way around!)
much easier. The Elektor web pages [5]
accompanying this article include a series
of photographs and brief guide to construc
tion, which should help you orient yourself.
Finally screw the two halves of the case
together, fitting the perspex shim in the
space provided for the cable strain relief. In
the ZigBee interface two shims are provided
(one with a hole and one transparent) to
allow button S1 to be operated if necessary.
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Testing

Those lucky readers who possess an Elektor
OBD Simulator [7] will be able to test their
device from the comfort of their own
benches. Less lucky readers will have to
make do with the real thing in their car.
With the interface connected, the two LEDs
on the DXM module should flash briefly,
indicating a successful self-test.

If using the Bluetooth interface, start up the
Bluetooth interface on the notebook, allow
it to find the new device, and enter the mas-
ter password ‘1234°.

Windows offers a wide range of virtual COM
ports. The first port is used by our applica-
tion software for communication. The inter-
face can be used with the help of a termi-
nal emulator such as AGV-Supertool [8]. It
is essential to select the correct baud rate
(19200) and COM port. Type ‘ATZ’ or ‘ATI’
into the terminal window, which should
prompt a reply from the DXM module. With
that, the Bluetooth connection has been
successfully tested.

To test the ZigBee interface, a driver needs
to be installed. Plug in the ZigBee USB
stick, and the Windows Assistant will start
up automatically and whisk you off to the
Elektor website to download a driver. The
connection will be established automati-
cally without the need for a master pass-
word. The ‘ED Tester’ tool will assist with
testing: both components, the host and the
USB stick, should be recognised. The value
indicated by the field strength bars should
be between 30 and 50.

Software

Operation of the diagnostics software on
the PCis independent of the standard used
for radio communication, which means

Elektor Products & Services

that both versions can be used with the
‘moDiag’ OBD software. This was described
in the April 2010 issue of Elektor as part of
the description of the Bluetooth expan-
sion of the Analyser NG [4], and is available
for download at [5]. The ‘OBD-DIAG’ pro-
gram is also compatible with both inter-
faces. One interesting possibility would be
to transfer the OBD data to a smartphone
over Bluetooth.

This would require suitable (and yet-to-be-
developed) diagnostics software running
on the smartphone; however, the authors
would be keen to assist any enthusiastic
software developers with ambitions in this
direction.

(100872)

Internet Links

[1] www.dxm.obd-diag.net (DXM module)

[2] www.elektor.com/090451
(OBD-Il Analyser NG)
[3] www.elektor.com/080948
(Bluetooth with the ATM18)
[4] www.elektor.com/090918 (Bluetooth
expansion for the OBD-II Analyser NG)
[5] www.elektor.com/100872
(wireless OBD-II project pages)
[6] www.obd-diag.de
(ISP STM/NXP device programmer)
[7] www.elektor.com/080804
(OBD-II simulator)

[8] www.er-forum.de/odb-diag-dI
(OBD-DIAG software)
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Figure 8. A strip of paper placed between
board and module makes it easier to
desolder it later.

Figure 9. When fitting the DXM module
only solder the indicated pins.

Figure 10. The pins to be soldered are
marked here. None of the other pins is
needed.

» OBD-lI Bluetooth interface, complete kit of parts including

enclosure and printed circuit board with SMDs ready-fitted:

order code 100872-72
» OBD-ll ZigBee interface, complete kit of parts including
enclosure and printed circuit board with SMDs ready-fitted:

order code 100872-71

* ZigBee USB stick, suitable for use with OBD-II ZigBee interface,
ready to use: order code 100872-91

* Items accessible through www.elektor.com/100872

elektor 04-20m
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Altimeter for Micro-Rockets

Higher and higher!

By Anthony le Cren (France)

When dealing with micro-rockets or scale models, it’s
often difficult to find out the altitude. The main problem
is really the weight of the on-board electronics system,
which needs to
be as light as
possible.

This altimeter
using SMD

components

is

letter (16 g) and has a data recorder that lets you record
atmospheric pressure every 25 ms up to 16,384 stored
values. Once the flight is over, the data are recovered
via a serial connection to a computer and displayedin a

spreadsheet. This then converts the pressure to altitude

aslightasa

and plots the rocket’s behavior.

Technical

specifications

¢ SMD throughout

* PICI6F88,
programmed in Flowcode V4

* Uses Tiny PIC Bootloader [2]
¢ ADS1110 16-bit 12C A/D converter

* 32 kB I2C EEPROM memory for around
5 minutes recording time

¢ MPXH6115A6U pressure sensor
¢ Powered by a12 V battery
¢ Weight:16-20 g

The whole thing revolves around an
MPXH6115A6U pressure sensor from
Freescale. The sensor’s analog output
voltage is converted into a 16-bit digital
value by the ADS1110 sigma delta analog-
to-digital converter (ADC) from Texas
Instruments. This 6-pin device has an 12C
bus, making it possible to considerably
reduce the PCB space needed. A PIC16F88
microcontroller manages the acquisition of
the digital pressure values and saves them
into a 24LC256 12C EEPROM memory. The
circuit is shown in Figure 1. The four LEDs
are used to check the altimeter is working
properly in the acquisition and computer
data recovery phases.

Power is provided by a compact P23GA

12 V/50 mAh battery. The average
consumption of the altimeter is 12 mA,
giving it a battery life of around four hours.
Since the duration of a flight is only a few
minutes, that’s no problem at all. In the
event of an extended flight, two batteries
could be used in parallel. The 78L05
regulator IC2 in an SOT89 package is vital,
as it provides the regulation down to 5 V
needed for powering all the ICs. Don’t
overlook the decoupling with capacitors C1
and C2 around the regulator. There isn’t a
switch — a jumper s all that is needed, once
again, to save weight.

The MPXH6115A6U absolute pressure
sensor (Figure 2) has a sensitivity of
45.9 mV/kPa. The curve in Figure 3 shows

Note. Readers’ Projects are reproduced based on information supplied by the author(s) only.
The use of Elektor style schematics and other illustrations in this article does not imply the project having passed Elektor Labs for replication to verify claimed operation.
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the mathematical relationship between the
pressure and the sensor’s output voltage.
We can see that it is linear between 15 and
115 kPa.

The expression for the pressure (kilopascal,
kPa) as a function of the voltage becomes:

V. + Vi % 0.095
Pepa =
V, x0.009

The ADC (Figure 4a) already has everything
we need built-in: clock, programmable
amplifier, voltage reference, 12C interface.
No external components are needed. There
are just the 12C bus pull-up resistors R2 and
R3, along with a decoupling capacitor. Here,
the extension AQ in the device part number
(ADS1110-A0) corresponds to the three
LSBs of the 12C address, which in this case
is 1001000. The default configuration is
going to be used for the internal registers:
Gain = 1, 15SPS (samples per second,
Table 1) which offers a 15-bit conversion
— given that the voltage being converted is
always positive.

The formula to find out the input voltage as
a function of the digital value N is:

N
=—X
32768

VD ut VS

From the two preceding formulas, we can
derive the equation for the pressure as a
function of the digital value:

N x V4V x0.095%x 32768
V, x0.009 x 32768

Prpa =

By measuring the supply voltage accurately,
Vs =4.93V, the equation becomes, for a
pressure expressed in decipascals (dPa):

N+3113
—X
295

Pipa = 100

This is the equation that is going to be used
in the altimeter’s microcontroller software.
No calibration has been done, since what

elektor 04-20m
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Figure 1. Circuit of the altimeter.

we’re interested in is the change in pressure,
not the absolute pressure. However, it is
possible to modify the equation if you have
access to a reference barometer.

The PIC16F88 microcontroller IC1 is clocked
by its 8 MHz internal clock, so doesn’t need
an external crystal. It is mainly used to
manage the I2C bus between the pressure
value reader and the writing into the

EEPROM IC4. You’ll note the serial link on
connectors K2 and K3, to let us recover the
data stored in the memory, along with the
configuration jumper (Mode).

When power is applied, a logic test is carried
out on RBO to find out the operating mode
for the program:

- RBO pulled up to 5 V: ‘Run’ mode,
acquisition of the pressures and storage
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for reprogramming the microcontroller
,Yli (Figure 5). This board is powered from the
2 altimeter battery.
Eloment :
Thin Film  |—{ Gain Stage #2 COI’]S.trUCtIOI'l

Temperature and Ground L6} Vour Warning: You must program the PIC16F88
C°ml;if(‘jsa“°” - Refgr"‘i’f?ce with its firmware before soldering it on
AN Gain Stage #1 Circuitry to the board! (file ‘firmware_altimetre.
MPXHG115A6U/T1 hex’ available from this article’s web
MPé(:SZg111351;;<_5ldzT1 3 page [1]). Use a DIL/SOIC adaptor for your

v o0tts11 programmer.
GND Use a soldering iron with a very fine tip. You
have components to solder on both sides of

Figure 2. Block diagram of the pressure sensor and orientation.

S0 T T T T T 1T T T 11 ] |
451 Transfer Function: MAX —
| Vout = Vs* (.009*P-.095) + Error
4.0 Vg=50Vde "
TEMP =0 to 85°C
35
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= 25
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0.5
olnomomomou‘:omomomomomomomo
Pressure (ref: to sealed vacuum) in kPa 100418 - 12

Figure 3. Relationship between sensor output voltage
and atmospheric pressure.

into memory.

- RBO pulled down to ground: ‘Read’
mode, for reading the recorded pressures
and configuration (the computer and the
altimeter dialogue via the RS-232 serial
link).

To minimize the weight of the unit, the
computer interface (consisting of an
ICL232, IC5) that performs the RS-232 level
adaptation for the computer is connected
to the altimeter only when the data stored
in the 12C memory is being recovered or

Table 1. Configuration of the ADS1110 A[D converter.

Samples|s Number Minimum Maximum
(SPS) of bits code code
15 16 -32768 32767
30 15 -16384 16383
60 14 -8192 8191
240 12 -2048 2047
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the PCB. You should start by fitting all the
components on the track side, starting with
1C3 (the ADC), as it’s the trickiest to solder.
To avoid getting it the wrong way round,
it’s best to use a o
magnifying glass
to identify the
dot on the device
that indicates pin
1 (Figure 4b).
To minimize
the need for
troubleshooting
later, it’s a good
idea check for
the absence
of continuity
between each
of the pins, and
above all to check
frequently that
there is no short
between 5 V and
ground. Then
come the other
two ICs (make sure you get these the right
way round too), the regulator, the 1 kQ
(marked 102) and 10 kQ (marked 1002 or
103) SMD resistors, and to complete the
first side, the SMD capacitors.

As for the other side (the component side),
start by soldering in the microcontroller,
the four LEDs, and the two capacitors. It’s
tricky to spot the orientation of the pressure
sensor. If you look at it carefully, there is a
chamfer at the bottom left that indicates
pin 1 (Figure 2).

There now remain the two regulator
decoupling capacitors and the pin header.
There’s no holder for the 12 V battery, all
you have to do is solder like a standard
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resistor in the middle of the PCB. Fitting the
components on the RS-232 board should
present no problem. However, you should
take care to solder the female connector
onto the track side in order to facilitate the
connection between the two boards.

Firmware

The program is produced using
Flowcode V4. The hex file contains the
Tiny PIC Bootloader [2] bootloader. This
will be very handy for reprogramming the
microcontroller after your own fashion.

To do this, run the ‘tinybldWin.exe’
application. Select the file ‘Altimetre.hex’,
19200 baud for the speed, and the COM
port you’re using.
Power up the
RS232 interface
board and click on
WriteFlash. The
program should
immediately be
written to the PIC
(Figure 6).

After ignition and
the rocket has
blasted off, the
altitude increases
(if everything’s
going according
to plan...) and
the atmospheric
pressure reduces.
As soon as the
software detects
a large enough
pressure change, it automatically launches
the acquisition for a period that will be a
multiple of 3.2 s.

You can set the pressure threshold that
will trigger recording and the duration of
acquisition using HyperTerminal (Figure 7).
In configuration mode, LED D4 stays lit.
Press the space bar to display the menu.
Select the configuration menu, then enter
three figures for the duration of acquisition
(here 010, i.e. 10 x 3.2 =3255). Then set the
trigger threshold between 1 and 9 dPa; the
5 shown in the figure corresponds to an
elevation of around 4 m (1 dPa=0.83 m).

Launch and making use of the
data

elektor 04-20m
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Figure 4a. Block diagram of the

Figure 4b. Use a magnifying glass to

analog-to-digital converter. identify pin 1.
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Figure 5. The RS-232 interface stays on the ground,
so it has a PCB all to itself.
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Figure 6. Reprogramming the microcontroller is easy
thanks to Tiny PIC Bootloader.

& altif 9200 - HyperTerminal
Fichier  Edition Adfichage  Appeier  Trersfert 7

D w3 0 &
Menu Altimelre o
1 : Configuration
2 : Leclure des pressions dans EEPROM
":Dnrigllrill iDl'l 4
HEx128 valeurs (001-120)
(1]

@l
Seuil deciPa {1-9)
9

Termine, Faites un Heset

®

D0:02:58 correcke Dlec. st 500 &H-1 Hu

|

Figure 7. Configuring the altimeter with the help
of HyperTerminal.
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Figure 8. The pressure values recorded during the flight converted into altitudes.
It’s easy to make out the different phases of the flight.
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For testing, it’s perfectly possible to use
this altimeter in a volley boll, on a kite, in
a model aircraft, etc. The only difficulty
will be adjusting the trigger threshold
depending on the weather conditions. If
the sensor is open to the air, the wind may
very well trigger the acquisition without
any elevation in the altitude. The trick
is to protect the sensor like you would a
microphone, with foam, or else to protect
the whole thing inside a case — but that will
increase the overall weight.

Once the altimeter has been configured
and installed in/on your flying machine or
object, apply the power using jumper K1.
LED D1 will light for 3 s as the pressure at
ground-level is measured, to be used as
the reference for the spreadsheet plot.
Then LED D2 will light to indicate that
the altimeter is ready to start acquisition.
Tapping lightly on the sensor will simulate
an abrupt pressure variation, and you’ll
see that LEDs D1 and D2 both light for the
duration of the acquisition phase.

To recover the data using HyperTerminal, go
into the Transfer menu in order to capture
the text displayed on the screen, before
reading the pressures out of the EEPROM.
Using your favourite spreadsheet program,
open a new spreadsheet, then paste into
it the previously-recovered text data. All
that now remains to be done is to calculate
the altitude using the formula below and
plot the graph (Figure 8). An example
calculation can be found in the file ‘trace.
ods’ [,

288.15 P 019
Altitude = 2 | 1| 2alt
0.0065 Py

where:

- P,i; = pressure at the altitude

- Pt = reference pressure measured at
ground level (first measurement)

—288.15 = air temperature in Kelvin

(100418)

Internet Links
[1] www.elektor.com/100418

[2] www.etc.ugal.ro/cchiculita/software/
picbootloader.htm
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GPIB-to-USB Converter

by Rainer Schuster (Germany)

The ‘General Purpose Instrumentation Bus’ (also termed IEEE-488 and IEC-625) is probably the oldest

bus system currently in use — and with more than 5,000 different GPIB devices available, it remains the

foundation stone for controlling professional test & measurement equipment. PCs are not normally

equipped with a GPIB interface, however, forcing users to buy a plug-in card or an expensive external USB-

GPIB converter. Fortunately our DIY solution using a USB-equipped R8C/13 board is both straightforward

and affordable.

It’s barely credible that a bus system originally developed by HP in
the 1960s under the designation HP-IB (Hewlett Packard interface
bus) is today still a widely used industry standard. In the seventies
the HP-1B was standardised as IEEE-488 (also known as IEC-625) and
adopted by many manufacturers under the title GPIB. Its wide dis-
tribution, long-renowned reliability and ease of use have all meant
that even now the GPIB is not threatened by any new bus standard.
And since many users are unable or unwilling to abandon this inter-
face, there is no shortage today of new T&M gear (such as oscillo-
scopes and signal generators) that are equipped not just with USB
and Ethernet interfaces but also with GPIB, mainly to IEEE488.2
(IEC-60488-2) standards.

Its 8-bit parallel interface means that GPIB resembles the obsoles-
cent Centronics printer interface, although up to 30 devices can be
addressed with up to 15 device connected simultaneously to the
bus cable, either in cascade (daisy-chained) or radially (or a com-
bination of both). There’s no need to go into more detail now, as
we’ll come to this later in the article. As usual there is a Wikipedia
page [1] providing a good introduction as well as links to further
information sources.

Because PCs do not by and large offer a GPIB interface, it’s neces-
sary to provide your own plug-in card or an external GPIB-to-USB
converter, the price of which can in extreme cases exceed the
value of the test gear that requires it. It’s not all bad news, how-
ever, as this article shows. All the hardware you need for a GPIB-to-
USB converter is a microcontroller with a USB interface equipped
with at least two bidirectional 1O ports and a 24-pin Centronics
connector...

R8C recycling

It does not take long to find a microcontroller with a USB interface
equipped with at least two bidirectional I/O ports; one was already
described in Elektor February 2009. For this transistor characteris-
tics tracer project the author developed a small R8C board with a
USB interface, which you can find as a built and tested PCB in the
Elektor Shop under the order code 080068-91. This handy control-
ler board (80 x 35 mm) is programmable via the USB interface. The
schematic in Figure 1 shows it built around an R8C/13 microcon-
troller hooked up to a PL2303 USB-to-serial converter. The compo-
nent list and the PCB layout can be found in the article describing
the transistor characteristics tracer, which you can read gratis on
the Elektor web page [2] for this project.

The connections of the R8C/13 correspond to the legendary “Tom
Thumb” R8C/13 board [3], retailed by Elektor at extremely low cost
in 2006 and the software CD that is also available from the Elektor
Shop.

The current combination of PL2302 USB controller and microcon-
troller is recycled from the January 2006 issue of Elektor, in which
the author described the application board [4] for the R8C/13.
Power for the project is taken through its USB connection. Various
port pins, +V and ground are provided on a 20-pin connection strip
(K1), allowing this PCB to be used also for other purposes if desired.
The pinout roster is given in Table 1.

Pushbutton S1 lets you reset the microcontroller at any time.
Eighteen 470 Q resistors limit the output current of the port pins
to around 10 mA and prevent the entire controller board being
destroyed under fault conditions.

Setting jumper |P1 enables programs to be loaded into the micro-

Characteristics

* Low-cost GPIB-TO-USB converter
* Simple hardware (R8C/13 USB board with Centronics connector)
» Assembled and tested R8C/13 USB board available

* Free firmware with source code
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* Free flash program
* Free development environment

* Free PC sample program with source code
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Communication between the USB interface and GPIB device is ini-
tialised using the serial interface UART1 of the R8C/13 (the settings
are 38400 baud, 8 data bits, 1 stop bit and no parity). Next we acti-

Elektor Products & Services

* Controller board (R8C/13 USB board, assembled and tested): #
080068-91

* PCB layout (PDF download) and component list for the controller
board, available free at www.elektor.com/080068

elektor 04-20m

vate the GPIB bus wire REN (remote enable) and after this the IFC
(interface clear) wire for 10 ms, to reset any devices that may be
connected. Simultaneously this resets the R8C/13 into its ‘control-
lerin charge’ (CIC) state.

* Firmware, source code and PC software: free download #
100756-11.zip

* Hyperlinks in article
* Allitems accessible through www.elektor.com/100756
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Table 1: Pin assignments for K1

Pin Meaning Pin Meaning
1 P1.7 11 P3.0
2 GND 12 P3.1
3 P1.3 13 P0.7
4 P1.6 14 P0.6
5 P1.1 15 P0.4
6 P1.2 16 P0.5
7 P4.5 17 P0.2
8 P1.0 18 P0.3
9 P3.2 19 +5V
10 P3.3 20 PO.1

Following this nothing happens initially, because by definition
all connected GPIB devices can speak only when they have been
instructed to in advance by the controller. In order to relay com-
mands and data to the GPIB devices connected the program now
waits for incoming commands from the serial interface to then carry
them out. To this end a small protocol is implemented:

Table 2: Connections for the
Centronics connector at K1 of the R8C/13 USB board

24-pin
Signal Port K1 Centronics
name pin assignment connector
assignment
DIO1 PO.1 20 1
DIO2 P0.2 17 2
DIO3 P0.3 18 3
DI04 P0.4 15 4
EOI P3.0 11 5
DAV P1.3 3 6
NRFD P1.6 4 7
NDAC P1.7 1 8
IFC P1.0 8 9
SRQ P4.5 7 10
ATN P1.2 6 11
Shield - 2 12
DIO5 P0.5 16 13
DIO6 P0.6 14 14
DIO7 P0.7 13 15
DIO8 P3.1 12 16
REN P1.1 5 17
GND - 2 18-24
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<command>[<device address><,>] [GPIB string] <CR><LF>

This example shows how it works. R1,*IDN? <CR><LF> represents
the command ‘Read’. This sends the string ‘*IDN?’ to the GPIB
device with the address 1 and waits for an answer. The reply string
of the device is sent back to the PC via the USB interface.

Table 3 sets out the commands implemented, which are the so-
called ‘universal’ commands to which all connected devices react.
Next come the so-called ‘addressed’ commands, which are valid
only for devices that have already been addressed (see Table 4).

In order to address a device (as listener) we must first send the com-
mand (before any others) ‘Listen (0x20)’ along with the (‘ORed’)
device address. After the actual command ‘Unlisten’ must be sent.
All the commands mentioned are so-to-speak ‘low-level’ com-
mands. As a rule the only commands needed for communication
with devices are R = Read, W = Write and if applicable S for polling
the Service Request wire.

Any errors in the data transmission will cause the R8C/13 to send
‘Error X’ to the PC.

X=1 indicates that the addressed device is unavailable. X=2 flags a
timeout problem in sending or receiving data
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Figure 2. The hardware of the GPIB-to-USB converter
combines a 24-pin Centronics connector
with the R8C/13 USB board.
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Programming

The High Performance Embedded Workshop from Renesas pro-
duces a Motorola hex file (GPIB_USB.mot) that can be loaded via
the USB interface with the ‘Flash Development Toolkit 3.4 Basic’
available from [5] or [6]. For this the jumper JP1 on the controller
board must be set and the reset button pressed briefly. After pro-
gramming don’t forget to remove the jJumper and press the reset
button once more. After this our GPIB-to-USB converter is ready to
put to real work.

The converter in action ol .sgﬁp' Jv#,’,. )
A practical application for the converter can be seen in this program ¥

written in VB6 for transferring traces from a Tektronix TDS210 oscil-
loscope to a PC. If you know the commands for your own ‘scope
it’s simple to adapt the program, which you can download from
location [7]. i
First install the program on your PC by running ‘Setup.Exe’. After PRGN TN
installation start the program by clicking on GPIP_USB.exe. s Y

The program then opens all available COM ports sequentially and
sends the identification polling string of the GPIB-to-USB converter
(I<CR><LF>) until the matching port is found and the reply string is
received. Directly after this the identification string of the oscillo- Figure 3. Sample oscilloscope trace delivered via the GPIB-to-USB
scope is polled by sending the command ‘R1,*IDN?<CR><LF>’. The converter from the ‘scope to the PC.
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Table 3: GPIB universal commands available

Command | Parameter Meaning

@ - Send IFC and reset all connected devices

G GPIB command Activates the ATN wire and sends the received command as Parameter over the GPIB Bus
Interrogates the identification string of the USB converters

| _ Reply: GPIB-TO-USB converter V1.0

R Device address, String to the device | The string given in the parameter is passed on to the device addressed and the reply

addressed string from the device is passed back

Interrogates the SRQ (Service Request) wire
Reply

° ) 0: No devices require a service request
1: A service request is required

T Timeout period in us Alters the timeout period while sending and receiving date on the GPIB Bus. Default =
200,000[us] =200ms

W Device address, String The string received in the parameter is sent forward to the device addressed in the pa-
rameter (no reply expected)

LLO 0x11 Local Lockout: Local control of all connected devices is disabled

DCL 0x14 Device Clear: reset all devices on the GPIB Bus

PPU 0x15 Parallel Poll Unconfigure: block the parallel poll function

SPE 0x18 Serial Poll Enable: following a service request trigger serial polling of the devices

SPD 0x19 Serial Poll Disable: block the serial polling function

UNL O0x3F Unlisten: Release all devices from listening

UNT Ox5F Untalk: Instruct the device speaking to cease

elektor 04-20m l
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Table 4: Addressed GPIB commands

Val .
Command | 2"¢ Meaning
in Hex
Goto Local: switch the devices addressed
GTL 0x01 .
to local operation
Selected Device Clear: reset the devices
SDC 0x04 .
addressed previously
Parallel Poll Configure: carry out parallel
PPC 0x05 | polling for the devices addressed
previously
Group Execute Trigger: carry out a defined
CET 0x08 | event simultaneously on the devices
addressed previously
Take Control: hand over control to another
TCT 0x09 .
device
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Figure 4. Using the LTspice simulation program we can import
signals measured with an oscilloscope as .pwl files.

R1

Vi R2

C1

@n 100k

PWL file="N:\GPIB_USB\TDS210 Interface\Test.pwl"

100756 - 14A

tran05u01n

Figure 5. In this example an actual signal measurement is used in
an LTspice simulation.
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device address is set by the global constant ‘ADDR’ to 1. For other
device addresses this value must be changed of course. If the reply
string of the oscilloscope is received, the program is ready to trans-
fer waveforms and display these on the PC screen. Figure 3 shows a
sample transfer from channel 1 of the ‘scope.

Waveforms 2 Ref A and Ref B from channel 1 are available for trans-
fer. The dashed line represents the Y-offset. Functions Y-offset,
Y-DIV and X-Div are all extracted from the curve data. In turn they
are transposed into ASCIl format from -128 to +127, the visible
array ranging from -100 to +100. The ‘Clear All’ control allows all
waveforms to be erased, whilst ‘Copy to Clipboard’ sends the curve
data to the clipboard for further processing, e.g. for copying into
Word.

Menu options ‘File © Export csv’ and ‘Export pwl’ export the curve
datainto Excel or store it as a “.pwl’ file. The ‘.pwl’ stands for ‘Piece-
wise Linear Function’ and a file of this kind contains curve data that
can be incorporated in the simulation program LTspice. You can read
areport [9] in Elektor for September 2010 that provides an insight
into what you can achieve with this simulation program.

One of the features of this program is the ability to select not only
signal sources with predefined curve shapes (sine wave, square
wave, triangular, etc.) but also to import external signal flows in
the form of a .pwl file (see Figure 4). The example in Figure 5 shows
a noisy signal, transferred from the oscilloscope in Figure 3 to the
PC, integrated as a .pwl file into the simulation program and taken
through a simple low-pass (R-C combination). The result of simu-
lated filtering of the signal taken from the real world can be seen at
the bottom of Figure 5: the blue curve represents the input signal
(from the .pwl file) whilst the green curve is the signal after smooth-
ing by the low-pass filter.

(100756)

Internet Links

[1] http://en.wikipedia.org/wiki/IEEE-488
[2] www.elektor.com/080068

[3] www.elektor.com/r8cstart

[4] www.elektor.com/050179-3

[5] www.elektor.com/050179-2

[6] www.blafusel.de/files/r8c

[7] www.elektor.com/100756

[8] www.elektor.com/r8c

[9] www.elektor.com/081006
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by Jens Nickel (Elektor Germany Editorial)

Our bus doesn’t stop for anyone! Even after the copy deadline
for the previous edition we received many new e-mails from
interested readers. Many thanks for these: | have tried to
comment on all of your ideas, which have sometimes turned
into mini-discussions. It is a pity that readers were not aware
of the most recent developments in the design of the bus:
producing a magazine takes a little time and there is inevitably
a delay between the writing of an article and its appearance
in print. Many of the e-mails contained valuable thoughts and
ideas, and so we decided to institute a mailing list for interested
readers. | wanted to be able to share feedback on this fourth
article in the series ‘live’ with other developers, and members
of the list can also add their

Here comes the bus! (4)

approach to achieving half-duplex operation, it is not the most
flexible. If DE is taken high and RE low, the microcontroller
can read back its own transmissions. This can be useful in
detecting bus collisions. John sent us a (to me) highly novel
variation on the RS-485 transceiver circuit using just two
pins on the microcontroller: see the small circuit diagram.
This idea seemed so useful that | decided to modify the
circuit of our first test node as shown in the figure. All the
relevant transceiver pins are now connected to pins on the
microcontroller, and we can test the different variants of the
circuit simply by changing the software.

Many of the ideas are certainly

comments immediately.

A core group of readers
took up the idea of working
together on an Elektor project
in a new way like this rather,
shall we say, enthusiastically.
After the initial invitation ideas
for the ElektorBus protocol
started to flood in to my inbox:
seven e-mails on the first day,
thirty-odd on the next, all full
of suggestions and advice as
well as more fully worked-

worth looking at in the longer
term. The internet was a
recurring topic: an internet
connection for the bus is
certainly right at the top of
our wishlist. John, along with
Elektor reader Eric Huiban
from France, suggested
modularising the hardware:
make a small ElektorBus
printed circuit board with
processor, crystal, RS-485
driver and one or two LEDs,
and then, just as with the

LT1785

out ideas. And when I tell you
that even experts in the field
such as John Dammeyer were

Ethernet modules we often

- Y
DATA use in Elektor projects, use this
110012 - 12 to equip other devices with

chiming in (he was one of the
people behind the biggest
CAN bus installation in the world, controlling the illumination
of the Olympic rings at the winter games in Vancouver), you will
see that we were really getting down to business!

It was clear that some seasoned engineers had already
started work on getting the test node circuit we gave in the
last issue up and running on the bench. Elektor author and
professional engineer Giinter Gerold suggested a capacitor
in parallel with the reset button: consider it done. And
surely the 7805 regulator was last seen in the stone age? We
received many e-mails suggesting alternatives for this and for
other components. There is no shortage of microcontrollers,
perhaps only a little dearer than the Atmega88, but featuring
useful built-in bus interface peripherals: CAN transceivers are
mentioned especially frequently. Several substitutes were also
suggested for the LT1785. | would like to stress again, however,
that the test node circuit is not intended as a ‘reference
implementation’. A bus node can be made using completely
different components, and we want to avoid a dependence on
special-purpose devices.

Several readers alerted us to the fact that although connecting
the RE and DE pins on the LT1785 together is a practical

elektor 04-20m

ElektorBus functionality. Such
a module could be replaced
by a wireless version at a later date. An excellent idea, and one
we will surely return to later in this series.

Another popular point of discussion revolved around how to
connect a PC to the bus. Writing Windows applications that can
be controlled by external events is not always straightforward.
Elektor author Walter Trojan suggested that it should be possible
to make a USB gateway with its own microcontroller to replace
the USB-to-RS-485 converter. This would help decouple the
PC from the microcontroller-based bus. We soon came to
the conclusion that using a PC as a bus master was at best an
interim solution, even given that frameworks such as .NET
directly support (virtual) COM ports [1]. Our goal should always
be to create a bus architecture that can run independently
of a PC, with central control coming from a more humble
microprocessor.

The small team had big plans when it came to the question of
the maximum permitted number of bus nodes. Elektor reader
Bertrand Duvivier, a product manager at Cisco, proposed a
hierarchical bus topology. Since RS-485 was designed for a
maximum of somewhere between 32 and 256 bus participants

43
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(and in a home automation application we could easily exceed
even the greater of those numbers), Bertrand felt that it
would be necessary to divide the bus into segments. The
various segments would then be joined using a kind of router
or controller, which would orchestrate the flow of messages
between segments. A node address would then be divided
into a segment identifier and an identifier of the node within
the segment, much as IP addresses are divided. However, as we
have said before, we want our bus to be as simple as possible
so that understanding the hardware and software can easily be
within the grasp even of beginners. However, it was becoming
clear to me that we would have to allow for the possibility of
joining bus segments at some point, and in our protocol (see
below) we have expressly provided for addresses divided into
two parts.

Finally: the protocol. Let us start with the question of how a
bus node can detect when a message starts. Giinter’s idea
was that the transmitter could force an artificial UART framing
error. | wasn’t keen on this, since it would create a dependency
between the higher protocol layers in the stack and the lower
physical layer (RS-485 and UART). My preference was to use a
more traditional ‘start byte’: but what value to use? 0X02 or
0x03? Perhaps 0x7E? | felt that 0b10101010 would be best,
since that would also allow for synchronisation. (A similar idea
is used in Ethernet, where the bits are written ‘backwards’, the
start byte thus appearing as 0x55.)

In his first e-mail Bertrand had put forward the possibility of
using message packets of a fixed length, and even though

almost all other protocols use a variable payload size, the idea
did have some appeal. Indeed, for our round-robin mode,
where the nodes transmit in turn, it seemed ideal. It also makes
synchronisation easy: every so many bytes on the bus we must
see the value OxAA.

After our small commun

ity had exchanged a few links, such as [1] and [2], and a few
more suggestions for simple protocols, | made my proposal
for a protocol with a fixed message length. We would need
about eight bytes for the header (start byte, addresses, error
detection and so on) and so it seemed that a total length of
16 bytes would be ideal. Eight payload bytes would be plenty
for most applications and the overall structure had a pleasing
symmetry.

Some of the ideas that were bandied about concerned the
use of different function control bytes and the possibilities
of handshake between master and slave, but these (highly
valuable) discussions became so voluminous and in places
so application specific, that it was necessary to defer looking
further into the ideas until a later date.

As in the OSI model, the second layer of our protocol is
concerned with getting the data packets to the right receiver
without damage, and, if necessary, reassembling them in the
right order. Thus any message longer than eight bytes will have
to be fragmented.

There then followed several e-mails discussing the number
of bits that should be used to form an address. Four bytes
(allocated between transmitter and receiver addresses) at first
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seemed far too many: would we ever want to have as many as
65,536 participants on a bus?

For error detection we decided to use a CRC (a full description
of which would be an article in itself, but you can read all about
it on the internet [4], [5]). Two bytes would be enough for that.
But perhaps there are applications, such as transmitting audio,
where error detection is not so important? Also, in point-to-
point connections, for example, we would not make use of
the full range of addresses, and in any case the transmitter
address would often not be necessary. All these are potential
overheads in the protocol that we would like to reduce. On the
other hand, we would like to keep open the option of splitting
an address into a segment identifier and a node identifier (see
above). And finally, | wanted to keep the option of numbering
the fragments of a message from 0 to 255. If the transmitter
numbers the fragments counting downwards to zero, the
receiver will know how many more packets to expect until the
message is complete.

So we would have configurable addressing, whereby more or
fewer bytes can be used for addresses depending on whether
it is needed to specify both transmitter address and receiver
address or just the receiver address, and on whether grouping
into segments is required, with optional fragment numbering
and optional two-byte CRC error detection. These various
options are flagged using bits of a single byte, called the ‘mode
byte’, sent immediately after the start byte (see text box). Et,
ladies and gentlemen, voild, the Elektor Message Protocol (EMP)!
When John the CAN expert saw my proposal, he could not
resist a chuckle: ‘just like CAN’, he wrote. ‘If you had restricted
the addresses to just 12 bits each, you would practically have
reinvented it.” Quickly | looked up the details of CAN on the
computer. | had to admit that we was to some extent right:
CAN also uses a payload length of eight bytes (although this is
amaximum, rather than a minimum as in our case). The flexible
allocation of bits to identifiers and addresses, and of course the
CRC, were also a little reminiscent of CAN.

However, | couldn’t help feeling that coming from a CAN-fan
like John, I should perhaps take his words as something of a
compliment...

(110012)
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Internet Links

[1] http://msdn.microsoft.com/library/
system.io.ports.serialport.aspx
http://en.wikipedia.org/wiki/Modbus
www.vscp.org/wiki/doku.
php?id=vscp_specification_-_vscp_level_i_over_rs-485
http://en.wikipedia.org/wiki/Cyclic_redundancy_check
[5] www.lammertbies.nl/comm/info/crccalculation.html
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ElektorMessageProtocol: mode byte
0

no ID bytes, data from
byte 2
bytes 2 and 3 are ID bytes

ID bytes from byte 2

bytes 2 to 5 are ID bytes
bytes E and F form

a 16-bit CRC

all ID bytes are used for
addressing

no CRC

last ID byte is

a fragment number
next fragment follows
immediately

address bits

for receiver only

no fragment follows
immediately

address bits for both
transmitter and receiver
tb(:l: zz(gani:;iss s s no segment address
reserved:

may be used as a flag indicating a high-priority message

If bit 3 of the mode byte is set fragments can follow one another
immediately in sequence (think of the carriages of a train), giv-
ing the same effect as a larger packet size.
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E-LABs INSIDE

A quick temperature measurement...

By Thijs Beckers (Elektor Netherlands Editorial)
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“Know what you measure” is obviously derived from the phrase
“know what you eat”, but that doesn’t make it less true. During
our IR thermometer test published this month, this was con-
firmed once again. Our plan was to test a number of reason-
ably affordable IR thermometers. A list of potential candidates
was made and the suppliers are approached with the question
whether they would be prepared to make a device available.
Now Elektor is not the Consumer Federation, so it does some-
times take a considerable amount of persuasion to convince
suppliers, who are not operating in the electronics sector, to
send us an instrument, but anyway: in front of us there are 15+
IR thermometers in all shapes and sizes. Now it starts for real.
What would we like to know about these thermometers and
how can we test them? And we need a reference thermome-
ter of course, to compare the measurements. Fortunately, the
people at Fluke were generous enough to send us a model 572.
With specifications such as an measuring angle of 60:1, a triple
laser and a calibrated accuracy of 1% to 900 °C this thermom-
eter is eminently suitable as a reference. With these thermom-
eters we especially would like to know how accurate they are
at measuring the temperature. Another important aspect is the
measuring angle or size of the surface area that is measured.
Measuring the temperature accuracy is not a major problem.
Take a surface at a certain temperature, measure it with the
different IR thermometers and the reference thermometer, and
compare the results. A simple cooking element was perfectly
suitable for generating some higher temperatures.

In addition, we checked the laser indication. Why do that, you
think? With a number of the thermometers there was already
a clearly visible deviation of the laser(s) compared to the ‘cen-
ter-line’ of the instrument, where you would have expected the
measurement to take place. Further measurements (unfortu-
nately) confirmed this (refer to the test report article elsewhere
in this issue). The so-called accuracy of the built-in laser beam
is therefore sometimes deceptive, in reality you are measuring
something else instead of what the red laser dot is pointing to.
Incidentally, the measuring itself is also a subject on itself. It can
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be quite hard to estimate what the exact surface as that you
are measuring, despite for, example, the double laser indication
that three of the instruments have built in.
In any case, the thermometers need a certain minimal surface
area to be able to measure properly. This surface is too large to
measure the temperature of ‘normal’ chips, which is a little disap-
pointing for us as electronics engineers. With those thermome-
ters that have a very small measuring angle, you would think that
you could measure very close up for a very small surface area.
This is not the case however — over the first 10 to 15 cm these
instruments have a kind of ‘measuring bundle’, which has a cer-
tain minimum dimension. Incidentally, with the Fluke 572 this
is clearly indicated in the documentation (see Figure 1). Other
instruments don’t make any mention of this at all. These assume
a complete cone-shape from the front of the instrument, the cor-
rectness of which we have our doubts. But it is also very difficult
to check. Our advice when using an IR-thermometer is to always
measure as close as is possible, but nevertheless always assume
ameasuring spot of at least 1 to 2 cm diameter.
Since we were also warned from several quarters that there are
large deviations when measuring reflecting objects we put that
to the test by taking a small, black anodised aluminum heatsink
and file down one side of it so that the bare aluminum became
visible. This heatsink when subsequently heated to a practical
value of about 65 °C, a temperature that this type of heatsink
can easily reach when mounted on a circuit board in a small
enclosure. Now using the Fluke 572 and one of the other ther-
mometers with a small measuring angle of 30:1, we measured
at a close distance first the black side and then the bare side.
The difference was enormous with 65 °C on the black side and
40 °C on the bare side. If you then take into consideration that
the ambient temperature is about 20 °C, then the difference
between the two sides, caused by the so-called coefficient of
emissivity, is more than 50%. The maxim ‘Know what you mea-
sure’ is certainly appropriate! It even should be: ‘Know what you
measure and how you measure’.

(110140-1)
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Astermds & E-Blocks
dsPIC - the final frontier

for mlcrocontrollers

You may have noticed that mlcrocontroller manufacturers are brlnglng out new
ranges of devices with 16 and even 32 bit cores. In this article we look at the 16-

_bit dsPIC: chip from Microchip and glve you an example of how you can create"'_

somethlng that is a bit of fun with such a new device: the C|aSSIC ‘Asteroids’ game.,

You wouldn’t know the difference just by
looking at them: they look just like those
16-series chips we’ve been using for a couple
of decades now. But inside, dsPICs are very
different. Microchip have taken the micro-
controller to the next level. Let’s look at how.

Architecture: the dsPIC chips belong in
the 16-bit family of microcontrollers which
includes the dsPIC devices and the PIC24
series of devices. The key element here is
that the processor is 16 bits wide rather
than the more traditional

eight bits.

which means that you can cram more cir-
cuitry (up to 512 K Flash memory and up to
128 K RAM) on a given silicon chip.

Comms and internal peripherals: with
effectively more silicon to play with Micro-
chip have included more internal comms
peripherals on the chips: custom I2C and
SPI blocks, (up to three of each!), up to four
USARTs, USB and others. Specialised func
tion blocks rather than a single USART you
adapt to a particular use means that pro-

Cost: It is hard to do a direct comparison
as there are so many differences between
the 8-bit and 16-bit variants. A quick search
shows that the 28-pin dsPIC33F|128GP202
we’re using in a DIL package costs less than
£3 (around € 4.70) from Farnell. That is
actually less than a 40-pin, 8-bit PIC16F877.

Wow — all that speed!

It’s not just that they clock faster, but it

seems like Microchip have done everything

they can to improve the speed of all parts
of the device. How much
faster depends on the appli-

This, other architectural
features, and a single exe-
cution cycle, have lots of

Play Asteroids on a single chip

cation you are using. But if
you want to do a floating
point calculation consider

implications for program-
ming and performance:
no more bank swapping, handling larger
numbers and calculations is easier, address-
ing larger chunks of memory is easier, and
your program goes faster.

Power: reflecting the general trend to
lower the power consumption of electronic
devices these chips operate at supply volt-
ages as low as 1.8 V although the one we
used is operating at 3.3 V. Lower power
means smaller transistors on the silicon,

Elektor Products & Services
* E-Blocks dsPIC bundle: # EB655SI4

* E-Blocks graphic color display: # EBo58
* E-blocks keypad: # EBo14

gramming in is easier and the comms can
go faster. The internal motor controls are
also impressive with bags of features.

Analogue capability: these chips have com-
parators and ADCs by the bucket load. On
some dsPIC33s you can select 10 or 12-bit
ADC operation and the 10-bit ADC samples
at 1 MHZ. That’s fast for a microcontroller
and speech processing is surely possible
with these little beauties.

this: 8-bit PICs clocks at,

say, 20 MHz and perform at
around at 5 MIPS. The daddy of the dsPICs —
the dsPIC33 core — clocks at 80 MHz and per-
forms at around 40 MIPS. Eight times as fast.
But as the bit width of the dsPIC33 is twice as
wide it performs floating point at least four
times as fast as the 8-bit core. So even with-
out invoking specialist hardware accumula-
tors in the device, a quick calculation shows
that the dsPIC performs at least 32 times as
fast as their like 8-bit cousins where floating
point numbers are concerned.

* Flowcode for dsPIC/PIC24: # TEDSSI4

* Flowcode program file: 100955-11.zip

* Hyperlinks in article

All items accessible through www.elektor.com/100955
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So what?

So what do we do with this new 8 litre V6
hot rod of a chip? Well, to start with it is not
that obvious. When you discuss this with
Microchip, they talk about motor speed
control with on-the-fly calculated feedback
loops made with MatLab-derived blocksets
embedded in the C code, switched mode
power supply circuits, speech processing
and more. However what struck the devel-
opment teams at Matrix Multimedia and
Elektor was the ability of the mathemati-
cal engine inside these devices for devel-
oping applications with the new genera-
tion of graphical displays. Manipulation of
graphical displays requires relatively large
amounts of memory and a capability of
transferring that memory from a micro-
controller to a display in super quick time.
As well as this, the chip needs to run the
main program and yet still have enough
oomph left to do the number crunching on
the graphical data itself. With the dsPIC33
we have all this; So, single chip computer
games based on graphical displays have
to be the way forward — our target had to
be to recreate the vintage computer game
‘Asteroids’ on a single chip.

Wanted: Compiler

One of the difficulties you face when start-
ing with a new series of devices is that you
don’t have a suitable compiler or assembler.
Never fear: there is a new version of Flow-
code that has just become available that is
compatible with the dsPIC and PIC24 fami-
lies of 16-bit microcontrollers (Figure 1).
This has the same user interface as other
Flowcode programs and existing programs
should transfer across to this new version
easily enough.

There is one major difference with this new
version: Flowcode for dsPIC/PIC24 has a full
mathematics library including all trigono-
metric functions and full floating point
processing capability. Flowcode for dsPIC/
P1C24 supports more than 200 types of
chips in the 16-bit family, also has direct
support for various Microchip develop-
ment hardware boards and allows direct
support with In Circuit Debug with the
new E-blocks dsPIC/PIC24 E-blocks Multi-
programmer board.
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Figure 1. Flowcode for dsPIC & PIC24 showing mathematics functions.

Hardware configuration

Our design is based on a dsPIC33fj128
which can easily be fitted onto the board
that comes with the Flowcode for dsPIC bun-
dle. This device has 128 KROM, 16 K RAM
and runs at around 40 million instructions
per second (MIPS). It is shipped in a stan-

dard 28-pin DIL package. To get the design
up and running we are using the new
E-blocks dsPIC Multiprogrammer which is
compatible with the dsPIC and the PIC24
family of chips. To the Multiprogrammer we
have connected a keypad and a 128 x 128-
pixel colour graphical display. You can see

Figure 2. The E-blocks hardware set up.
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Read Write

Difference

Figure 3. Speeding up the graphics by managing sequential differences.

the overall configuration in Figure 2. The
dsPIC33 family runs at 3.3 V to save power.
By contrast the colour graphical display
operates off 14 V, which is required to run
the powerful backlight.

Software description

The software of course is the tricky bit.
There are several problem areas: managing
the graphics data, sending the data to the
display, calculating the graphics data to dis-
play, tracking the objects in the game and
their status, the user interface and the game
play itself.

Managing the graphics data is the major
task and the Flowcode program revolves
around this. The key problem here is that
you can not manipulate the data and dis-
play it at the same time or it will flicker To
solve this, we reserved two blocks of 128

by 128 pixels for display memory with one
bit per pixel —around 2 Kin RAM per block.
We developed a two phase program which
allowed us to manipulate the contents of
one memory block according to the game
play, whilst the other block is being trans-
ferred to the display using the SPI protocol
and the on-board SPI interface in the dsPIC
chip. We found that around 20 frames per
second was sufficient for this game (we
could have made it go quicker). We also
sped up the system by only changing the
pixels in the display that had changed from
the last time the display was sent. You can
see this in Figure 3. When writing different
letters to the screen, the whole block can
be written again, or you can monitor which
pixels go from black to white, and white to
black and you can just process these.

Because we now have software-level

access to the pixel data, we can perform
tricks with the pixels. One trick we use, is
to make the asteroids and other objects
appear to ‘wrap’ around the screen. Instead
of clipping and discarding pixels outside
the playing area, ‘wrapping’ those pixels
so they appear at the far side of the screen.
This saves having to draw objects poten-
tially four times in all separate corners of
the game grid.

Those of you who are concentrating will
notice that there is a colour border and scor-
ing text (see Figure 4). The potential down-
side of this graphics technique is that we
only have one colour. To get round this, we
restrict the game to only the inside parts of
the display and we "window dress’ the main
game area with colour borders and text in
full colour. Most of the routines for the dis-
play are embedded in Flowcode: the only
exception were two routines we developed
in C code to perform the double buffering,
as this is a specialist and custom feature that
is tweaked to the requirements of the game
(wrapping the pixels is one example).

The in-game objects themselves are fairly
simple graphical constructions: the space-
ship is a three vertex object with a central
position and vertices calculated by trigo-
nometry. Each asteroid has up to five ver-
tices. As they move across the screen they
rotate. The positions of their vertices are
represented in the chip by floating point
co-ordinates whose values are all calculated
by trigonometric calculations each frame.
With up to seven asteroids in the frame, fly-

Figure 4. Some screen images from the final Asteroids game
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ing rockets from the space ship and explod-
ing asteroids, the number of floating point
trigonometric calculations per frame needs
to be between 100 and 200.

We also made certain sections of the code
quicker with a few other tricks: for example
on collision detection. We assumed that all
objects on the game were circular as detect-
ing collisions on circles is much faster than
on other objects. The section on the panel
shows how this is done and gives a nice
example of how the maths library can help
in writing a program like this.

One issue is that the best apparatus to-hand
for controlling the ship is the keypad. How-
ever this works on a matrix of 4x3 bits, so
it is possible to find if a single key has been
pressed, but not if multiple keys have been
held. This is a drawback as you might want
to fire missiles and move at the same time.
We worked around this by treating each
3-element row as a single key, therefore
splitting the keypad into four independent
rows.

Each row can then be tested to see if any
key is pressed or held, allowing the player
to hold down the keys, improving the game
noend. So 1, 2, 3 rotate the ship left, 4, 5, 6
accelerate the ship, 7, 8, 9 fire the missiles,
#, 0, * rotate the ship right.

The game play is based on several arrays
which track the positions of the relative
objects in the game and simple algorithms
to dictate their motion. There is also a sim-
ple scoring and level mechanism.

elektor 04-20m
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Clever collision detection calculations

If two circles (radius r0 and r1) touch, they form a

larger circle whose radius is (r0 + r1).

The distance from the center of one circle to the

center of the other is:

r=sqrt((x1-x0)2+(y1-y0)2)

Therefore if this is less than (r0 + r1) then the ob-

jects collide:

r<(r0+rl)

Luckily we can therefore remove the square-root as
it is more efficient to calculate the square of (r0 + r1). So to calculate the collision detection

we need to do:
rsq = (x1-x0)2+ (y1 -y0)2

result =rsq<(r0 +r1)2

This is only 3 multiplies, and no divides or anything more complex.

Conclusion

The dsPIC33 we have used is a great little
device. We are impressed by the power and
the versatility and the trouble Microchip
has taken to make this easier to use — and
faster! Being able to fit this game into one
little chip is quite impressive. We have an
urge to do PACMAN next.

A YouTube video of this project is available
at 31. So far no one has beaten the game at
level five. Let us know!

About this project

The program is written in Flowcode for
dsPIC. A copy of the Flowcode program can
be downloaded this project s web page [11.
The hardware consists of the new Flowcode
for dsPIC bundle (EB655S14) to which for this
occasion is added the dsPIC33F]128GP202,
the optional add-on Graphical Colour Display

(EB058) and the Keypad (EB014). Flowcode 4
for dsPIC and is available from the Elektor
Shop.

(100955)

Note: You will have to use Flowcode 4 for dsPIC/PIC24
Professional as it relies on the Graphical LCD component.
The Home/Student version does not have this component.

Internet Links
[1] www.elektor.com/100955
[2] www.elektor.com/eblocksoverview

[3] www.youtube.com/user/
MatrixMultimedialLtd#p/u/5/
jgsM4mSzbPg

[4] www.matrixmultimedia.com

Game Ouer
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TEST & MEASUREMENT

3 GHz Frequency
and Signal Level Meter

Built around a CPLD and a dsPIC microcontroller

This handy instrument measures frequencies from 50 MHz to 3 GHz with an accuracy of 10 ppm and

provides an indication of the signal level over a range of -40 dBm to +10 dBm. Readings are displayed on a

three-line LCD module, and the instrument is powered by three standard AA cells.

By Martin Bachmann and Daniel Schar (Switzerland)

A convenient battery-powered instrument is
very practical for quickly measuring the fre-
quency and level of HF signals. The instru-
ment described here also features very high
accuracy for frequency measurement. It has a
50-Q HF input with a female SMA connector,
suitable for connection to a cable or directly
to an antenna. Of course, if you connect an

Features

* Frequency measuring range: 10 MHz to 3 GHz
* Frequency measurement error less than 10 ppm (0.001%)

* Signal level measuring range: -40 dBm to +10 dBm (0.1 pyW to
10 mW into 50 Q) over the range of 300 MHz to 2.8 GHz
146 readings per minute
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antenna to the instrument you need to ensure
that the level of the signal you wish to mea-
sure is sufficiently high relative to other signals
that are also picked up by the antenna.

Basic architecture

The block diagram in Figure 1 shows the
general layout of the meter, with the HF

(min.180 mA)

portion and the digital portion distin-
guished from each other by different shad-
ing. The input signal is fed via a passive (resis-
tive) splitter to the input stages of the two
branches of the HF circuit: one for frequency
measurement and the other for signal level
measurement. The signal level measurement
circuit essentially consists of a logarithmic

» Power source: three 1.5V AA cells or a 5 V AC mains adapter

* Maximum current consumption at 5V input: 1770 mA
* Battery life with three 2000 mAh NiMH cells: 18 hours continuous

operation without LCD backlighting or 11 hours with backlighting

04-201 elektor



detector IC made by Linear Technology.
Frequency measurement requires a more
complex circuit. It basically consists of a fre-
quency counter implemented in an Altera
CPLD, along with a frequency divider and a
reference oscillator. Signal processing, con-
trol and display functions are provided by a
Microchip dsPIC microcontroller.

Signal level measurement

An LT5538 logarithmic signal detector IC[1]
from Linear Technologies is used to measure
the signal level. Along with a frequency
range of 50 MHz to 3 GHz, the selection cri-
teria for this device were a dynamic range
of at least 50 dB, an input sensitivity of
-46 dBm, operation over the industrial tem-
perature range of -40 to +85 °C, operation
from a 3.3-V supply voltage, and the low-
est possible price. Only three ICs meet the
dynamic range requirements: the ADL5513,
the LT5534 and the LT5538. We chose the
LT5538 because it has the largest dynamic
range of the three (75 dB).

This IC detects the power of the HF sig-
nal and outputs a voltage proportional to
the power. This voltage is fed to an A/D
converter in the microcontroller, and the
digitized value is further processed by the
microcontroller.

Unfortunately, the signal level output volt-
age from the LT5538 is highly frequency
dependent. For this reason, we implemented
a digital correction function using polyno-
mial approximation. The signal level mea-
surement function can be calibrated using a
routine in the microcontroller firmware that
is accessed from the display menu.

Frequency measurement

Frequency measurement is essentially
based on a counting method implemented
in the Altera Max-2 CPLD [2]. During the
measurement cycle, one counter counts

Elektor Products & Services

PCB: #100760-1

TEST & MEASUREMENT
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Figure 1. Block diagram of the frequency and signal level meter, with the HF portion
shaded blue and the digital portion shaded green.

zero crossings of the signal being measured,
while another counter counts zero crossings
of the signal from the reference oscillator.
The frequency can then be calculated from
the counts accumulated by the two coun-

ters by using the formula:

frequency = (reference frequency) x (signal
count) [ (reference count)

Measured signal J | | |

Rising edges | |

Reference signal Uﬂ_[ﬂ_[mmmm

Rising edges of
reference signal

Sync signal

®

t

—_— 100760 - 13

Figure 2. Timing diagram of the synchronization logic in the CPLD. Frequency
measurement using two counters starts and stops when the reference signal and the input
signal both have rising edges at the same time.

PCB layout files (free PDF download): # 100760-1.zip

CPLD and dsPIC software (including source code): free download file # 100760-11.zip

Items accessible through www.elektor.com/100760

elektor 04-20m
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Synchronization logic is programmed in the
CPLD to increase the accuracy of frequency
measurements. This logic ensures that the
two counters used for frequency measure-
ment are both started and stopped when
the reference signal and the signal being
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Figure 3. In the actual circuit, the HF portion on the left and the digital portion on the right

measured have rising edges at the same
time (see Figure 2). The counts accumu-
lated by the two counters are sent to the
microcontroller over an SPI bus.

The CPLD can process input signals up
to approximately 200 MHz. A frequency

divider is required to allow higher frequen-
cies to be measured. Naturally, the division
factor (in this case 32) is included in the
calculation of the frequency. An LMX2485E
PLLIC [3] from Linear Technologies is used
here as the frequency divider. Only the inte-
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are independent functional units with separate supply voltages.

grated frequency divider of this ICis actu-
ally used; the PLL function is not utilized.
The advantage of this seemingly wasteful
approach is that PLL ICs are manufactured
in very large volumes and are therefore
cheaper than pure HF divider ICs.

elektor 04-20m

The internal settings of the PLL IC (includ-
ing the division factor) must be configured
every time the instrument is powered up.
We were able to implement this directly
in the CPLD, so the microcontroller is not
needed for this function. This allows the

frequency measurement portion of the
circuit to operate as an independent, self-
contained module that simply outputs data
from its SPI port and can easily be used for
other applications.

To improve the input sensitivity of the instru-
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COMPONENT LIST

Resistors

(SMDO0603)

R101=56Q

R104 = 4.99kQ
R105,R229,R231 = 0Q

R200 = 10kQ

R201,R303,R308 = 47kQ
R202,R211,R226 = 33kQ
R203,R210,R301,R302 = 100kQ
R220,R221,R222 = 15kQ

R225 = 150kQ

R230,R235 = 1kQ

R232,R293 = not fitted

R236 = 18kQ

R250,R25 =39Q
R290,R291,R292 = 4.7kQ
R304,R305,R306,R307,R404 = not fitted
R401,R402,R403,R405 = 18Q
R406 = 82Q

Capacitors
(SMD0603)

C101,C€226,C230,C231,C232,C301,C302
,C303 =100nF

C102,C110,C403,C415 = 100pF

C104,C105,C233,C401,C402,C404,C413,C41
6,C418,C419,C422,C423,C425 = 1nF

C106,C109 = not fitted
C107,C108 = 1pF
C200,C201,C210 = 2uF
C202,C211,C251,C252 = TuF
C240,C241 = 18pF

€250 =470nF

Inductors
(SMD0603)
L1071 =1.5nH
L4017 =4.2uH

Semiconductors

D200,D201,D202,0205,D225,D226,D227
,D228 =NSR1020 (SOD323-W)

D204,D235 = 3.3V zener diode (SOD123)

D206 = 5.6V zener diode (SOD123)

IC101 = LT5538

1C200,1C210 = MCP1824 (SOT23-5L)

1C230 = DSPIC33F)32GP204-1/PT (TQFP44),
programmed

1C301 = EPM240T100C3N (TQFP100), CPLD
(Altera)

1C401 = LMX2485E (LLP24), PLL (National
Semiconductor)

1C402 = ABA-31563 (SOT363), wideband am-
plifier (Avago)

Q250 =BSS123 or SN7002W (SOT23)

VR230 =TL431 (SOT23-5), voltage reference
(T

Miscellaneous

IC250 = EA DOGM163W-A, 3.3V-LC-Display,
3x16 characters (Electronic Assembly)

JP001 = DC adaptor socket, PCB mount

JP100 = SMA socket, 142-0711-881 (Emerson/
Johnson)

JP200 = (optional) 2-pin pinheader (battery
connection)

JP230 = 2-pin pinheader with jumper (if
required)

JP235 = 5-pin pinheader, right angled

JP301 = 6-pin pinheader, right angled

JP302 = 6-pin pinheader, 2-row (if required)

R205 = self healing fuse 30V/0.2A (SMD1210),
Littlefuse 1210L020WR (e.g. Farnell
1596997)

$200,5220,5221,5222 = pushbutton, 1 make
contact, PCB mount

X240 = 18MHz quartz crystal (HC49/SMD)

X301 = CFPT-126 (LF TVX0009920) from 1QD,
temperature compensated 40MHz SMD
quartz oscillator (Farnell #1100757)

Enclosure: Bopla Type BS404 F-7035

PCB # 100760-1 (see www.elekor.
com/100760)

Figure 4. The PCB layout with exclusively SMD components on the bottom side.
Only the buttons and the display module are located on the top side.
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ment and compensate for the attenuation
of the passive splitter (-6 dB for each leg), a
broadband HF amplifier is included ahead of
the divider. The Avago ABA-31563 [4] device
used for this purpose has 50 Q input and out-
put impedances and a frequency bandwidth
extending from DC to 3.5 GHz, and it pro-
vides approximately 20 dB of gain. The HF
amplifier operates in the saturation region
in the presence of strong input signals.

Accuracy

The frequency measurement accuracy
essentially depends on the accuracy of
the reference signal. The readings cannot
be more accurate than the oscillator fre-
quency. In addition, the accuracy of the fre-
quency measurement depends on the sig-
nal level and the frequency being measured.
Fundamentally, the accuracy increases with
increasing input signal level.

Despite signal level calibration, the signal
level measurement can never match the
accuracy of the frequency measurement
(see the section ‘Signal level calibration’).
The achievable results are summarized in
Table 1. From tests, we determined that the
frequency measurement accuracy of our pro-
totype unit was 1 ppm at room temperature.

Circuit description

The portions of the circuit shown with dif-
ferent shading in the block diagram (HF
portion and digital portion) were originally
built and tested on separate PCBs. In the
course of device development, these two
portions were merged on a single board.
The corresponding full circuit diagram is
shown in Figure 3.

Here again the HF portion on the left and
the digital portion on the right are sepa-
rate functional units that can be used inde-
pendently of each other. To improve supply
decoupling, the two portions of the circuit
are powered by separate supply rails and
voltage regulators, with 1C200 for the dig-
ital portion and 1C210 for the HF portion.
Both voltage regulators provide a supply
voltage of 3.3 V. The two voltage requla-
tors receive their input voltage either from a
battery pack connected to |P200 (three AA
cells; voltage 3.6 to 4.8 V) or from a 5-V AC
power adapter connected to |JP001. Voltage
source selection is automatic: if the voltage

elektor 04-20m
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Table 1. Measurement accuracy

Quantity Accuracy Range
50 MHz to 3 GHz
<10 ppm (<0.01 %)
-20dBm to 0 dBm
. 10 (<0.01%) 700 MHz to 2700 MHz
requenc < m (<0.01%
A / PP -35dBm to +10dBm
<1000 ppm (< 1%) 300 MHz to 2700 MHz
-40 dBm to +10 dBm
50 MHz to 3 GHz
Signal level (calibrated) 4.3dB
-40 dBmto +10 dBm

Figure 6. Top side of the Elektor lab prototype board.

on the AC adapter input is higher than the
voltage from the battery pack connected to
JP200, diode D200 is reverse biased and iso-
lates the battery pack. This diode also pro-
vides protection against reverse-polarity
battery connection. A series diode in the
AC adapter input circuit provides similar
reverse polarity protection and prevents
reverse current flow. A Polyfuse (self-heal-
ing thermal fuse) and Zener diode are con-
nected after this diode. This combination

protects the circuit against excessive volt-
age and limits the current in case of a fault.
The HF and digital portions are connected
only by the four SPI bus lines and the sig-
nal detector output line (and of course by
a common ground point). The CPLD sends
the counts from the frequency measure-
ment counters to the dsPIC over the SPI bus,
and the dsPIC uses this data to generate the
frequency reading shown on the LCD mod-
ule and to apply frequency correction to the
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Figure 7. The authors’
prototype device.

signal level data. The output
voltage from the level detec-
tor (1C101) in the HF portion
is fed via the DB line to the A/D
converter input of the dsPIC,
which digitizes it with 12-bit res-
olution and processes the result-
ing values with the previously men-

tioned frequency-dependent correction to
obtain the readings shown on the LCD mod-
ule. Diodes D225-D228 limit the voltage
on the dsPIC A/D converter input (pin 15)
to prevent overdriving. The dsPIC monitors
the battery voltage on a separate analog
input (pin 13); this voltage is reduced to a
suitable level by a voltage divider (R225/
R226). The TL431 reference voltage source
(VR230) provides a 2.5-V reference voltage
for the A/D converter in the dsPIC.

The user interface consists of four pushbut-
ton switches (5200 and S220-5222) and the
three-line LCD module, with the backlight
switched via Q250. The LCD module oper-
ates from a supply voltage of 3.3 V and fea-
tures high contrast with automatic adjust-
ment and very low current consumption
(just 250 uA without backlighting).

In the HF portion, it’s easy to recognize the
elements of the block diagram. The signal
splitter after the 50-Q SMA connector con-
sists of just three resistors (R401-R403).
Passive splitting of the input signal into two
signals for input to the level detection cir-
cuit and the frequency measurement circuit
results in a loss of 6 dB for each path, which
is why an amplifier (1C402) is placed ahead
of the input to the PLL IC (IC401), which as
already mentioned is used solely as a pres-
caler (frequency divider). This prescaler
must be configured by the CPLD each time
the instrument starts up, for which reason
the PLLIC’s Microwire interface port (which
is compatible with SPI) is connected to the
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CPLD (1C301).
The CPLD receives
the reference clock
signal for frequency
measurement from ref-
erence oscillator X301,
which effectively deter-
mines the measurement
accuracy. The type LF
TVX0009920 speci-
fied in the compo-
nents list, which is
a member of the
CFPT 126 fam-
ily from 1QD Fre-
quency Products,
is a temperature compen-
sated 40-MHz crystal oscillator
with an operating temperature range
of -40 °C to 85 °C. It is compatible with
3-V logic and has a frequency stability of
+0.5 ppm, which is equivalent to just 20 Hz
at 50 MHz. Of course, this accuracy comes
at a price, and if you do not need such high
accuracy you can use a more economical
oscillator instead.
If you have access to a high-accuracy fre-
quency counter for comparative measure-
ment, you can improve the accuracy of the LF
TVX0009920 by trimming the values of resis-
tors R301 and R302. In the second prototype
built by the authors, the measured frequency
error at 40 MHz was -15 Hz (0.38 ppm) with
the standard resistance value of 100 kQ for
R301 and R302. The authors were able to
reduce the error to +5 Hz (0.125 ppm) by
lowering the value of R302 (with R301 =
94.68 kQ, R302 = 100 kQ).
The CPLD is programmed via the JTAG port
(JP301). Jumpers on the pin header labeled
‘|TAG Disable’ are used to select either pro-
gramming mode or operating mode for
the CPLD. If desired, after the CPLD has
been programmed you can replace the pin
header and jumpers by solder bridges.
JP25 in the digital portion of the circuitis an
ICD programming and debugging port for
the dsPIC microcontroller. Jumper JP230 can
be used to manually reset the microcon-
troller if necessary.

PCB
All SMD components are fitted on the bot-
tom of the double-sided, through-hole

plated PCB (Figure 4). Only the four buttons
and the display module are located on the
top of the board. Figures 5 and 6 show the
fully assembled prototype developed in the
Elektor lab, while Figure 7 gives an impres-
sion of the authors’ prototype.

In both cases the SMD components were
placed and soldered by hand, which is not
easy (especially with the PLL IC). However,
the advantage of using manual assembly
instead of reflow assembly is higher accu-
racy of the SMD reference oscillator fre-
quency. This means that only electronics
enthusiasts who are truly experienced in
handling SMD devices should attempt this
demanding project.

After the board has been assembled cor-
rectly, you need a Byteblaster or USB Blaster
programming interface and the Quartus
programming environment to program
the CPLD. For the dsPIC, you need MPLAB
from Microchip and an ICD programmer.
Everything else (VHDL code, source code,
hex files and programming instructions) are
available in the software download package
on the Elektor website [5].

Display

The readings are shown on the LCD module
in a very straightforward manner. The first
line displays the text ‘Frequency [ Level’, the
second line displays the frequency in MHz,
and the third line displays the signal level in
dBm. The display menu also supports cali-
bration of the instrument and viewing sta-
tus information, such as the battery voltage.
The four buttons, whose functions are
described in Table 2, are used for menu
selection and parameter configuration.
The menu scheme is designed to always

Table 2. Menu functions of
the pushbutton switches

OK (confirmation) and switching

S200 .
on the instrument
Bacl
5220 | 0 ,
(return to previous menu level)
Increase value
S222 .
or move up in menu
5221 Decrease value

or move down in menu
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Main Menu
I |
Measuring More Shut down
|
Simple Status Settings
Advanced : J—‘
1
I ! - '
Frequency/ | Min/Max }  Min/Max Service Menu Calibration Display
Level : Frequency ! Level
100760 - 14
Figure 8. Menu structure of the microcontroller software.

show the name of the currently selected
menu in the top line of the display The
menu structure of the software is illustrated
in Figure 8. Here it should be noted that in
the ‘Measuring [ Advanced’ menu, switches
T3 and T4 can be used to select either ‘Fre-
quency | Level’, ‘Min/Max Frequen.’ or
‘Min/Max Level’. The ‘Service’ menu can be
selected in the ‘Status’ menu by pressing
buttons T3 and T4 at the same time. In the
‘Service’ menu you can display the raw sig-
nal level data (A/D value) and switch power
to the HF portion on or off via IC210, thereby
either enabling or disabling the frequency
and signal level measurement functions.

Signal level calibration

The LT5538 used for signal level detection
has a very large dynamic range, but it has
the drawback that the output voltage is
highly frequency dependent. Although sig-
nal level measurement can be calibrated
very precisely within a narrow frequency
band, it is rather inaccurate over the desired
broad frequency range. Fortunately, the fre-
quency dependence of the detector output
can be corrected, at least partially, by tak-
ing advantage of the fact that the frequency
of the measured signal is known. Using the
measured frequency value, the microcon-
troller can convert the detected signal level
to the correct value. For this purpose, the
firmware provides a separate ‘Calibration’
menu. To perform the calibration, which
is based on the least squares method, you
need a frequency generator with an adjust-
able frequency range of 100 MHz to 3 GHz
and an adjustable signal level range of
-40 dBm to +10 dBm.
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Use the following procedure to calibrate sig-
nal level measurement:

1. Select the ‘Calibration’ menu.

2. Enter the indicated frequency and signal
level.

3. Confirm the entered values.

4. Enter the next set of indicated frequency
and signal level values.

5. Repeat this for all of the indicated values
6. After a short computation time, the cali-
bration process is completed and the data
is stored permanently in the flash memory
of the microcontroller.

Even with this calibration, the signal level
readings are less accurate than the fre-
quency readings. The largest measured
error was 4.3 dB.

Development potential

In addition to many stimuli for developing
your own devices in the domain of truly
high frequencies (including PCB layout
aspects), this project provides an intro-
duction to CPLD programming. Thanks to
the open source software (VHDL code and
dsPIC source code in C), you can easily adapt
the instrument to meet your specific needs
or use it for other applications. The authors
used MPLAB IDE v8.30 and the MPLAB C30
C compiler to develop the microcontroller
firmware. They also used Quartus Il v7.0 to
develop and download the CPLD logic.
Expanding the functionality would require a
CPLD with more macrocells. Additional pads
for a CPLD with more memory are already
present on the PCB. If such a device is fit-
ted, 0-Q resistors must be fitted in positions
R304, R305, R306 and R307.

There is also room for improvement in the

signal level measurement function, assum-
ing you have access to good test equip-
ment. With regard to the hardware, you
could try to minimise reflections at the
amplifier input by using an impedance
matching network. Possible software modi-
fications include the ability to select differ-
ent calibration points or more calibration
points, and you might want to try using
higher-order polynomials for correction of
the signal level reading.

(100760-1)

Internet Links

[1] http://cds.linear.com/docs/
Datasheet/5538f.pdf
(LT5538-1 data sheet)

[2] www.altera.com/literature/hb/max2/
max2_mii5v1_01.pdf
(MAX 1l CPLD data sheet)

[3] www.national.com/ds/LM/LMX2485.pdf
(LMX2485 data sheet)

[4] www.avagotech.com/docs/AV02-
1782EN (ABA-31563 data sheet)

[5] www.elektor.com/10076
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AUDIO & VIDEO

Guitar Input
for Multi-Effects Unit

By Thijs Beckers (Elektor Labs)

In September 2010 we published a digital multi-effects unit. This circuit can only be used with line level

signals, such as those used by keyboards and the effects loops of mixing panels. To make that circuit

suitable for use with electric guitar signal levels we now present a simple but effective amplifier circuit.

The Elektor Digital Multi-Effects Unit pub-
lished in the September 2010 edition [1]
contains a number of nice effects that
would not be out of place in conjunction
with an electric guitar. Here we publish
a preamplifier, which makes the input of

that circuit suitable for connecting to an
electric guitar. This preamplifier, which in
addition to a high-impedance input, also
has the option of adding an effect com-
monly used with electric guitars, namely
distortion.

Circuit

For this very simple circuit we took inspira-
tion from a very popular overdrive-pedal
from Ibanez. To be more precise: the TS9
Tube Screamer. You could say that our ‘pre-
amplifier’ is a slimmed-down TS9, but still
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having the same characteristic sound of one
of those.

The schematic of the circuit can be seen in
Figure 1. The input impedance is mainly
determined by R1 (470 k<), since the input
impedance of an opamp generally amounts
to several megohms. Input capacitor C1
ensures that the guitar pickup elements are
not subjected to the offset voltage that is
generated by R1 at the non-inverting input
of IC1A. You don’t have to worry about the
corner frequency of the high-pass filter
that is formed by R1 and C1. This amounts
to only 7 Hz. For guitar signals, that value
of C1 could easily have been selected to be
smaller by a factor of nearly 10.

IC1A operates simultaneously as a buffer
and as a ‘drive’ amplifier. Together with
anti-parallel connected diodes D1 and D2,
ICTA determines, to a large degree, the
‘sound’ of the distortion effect (see ‘Mod-
ifications’). The gain — i.e. the degree of
distortion — is determined by R2 and the
potentiometer connected to JP3. The fol-
lowing applies: the larger the value of the
resistance in the feedback loop of ICTA, the
higher the distortion.

A switch can be added via JP7 to turn the
distortion on and off (just as with a guitar
effects pedal). When the switch is closed,
the gain-potentiometer is short-circuited
and the gain is entirely determined by R2
alone. By selecting an appropriate value
for R2, the volume level of the undistorted
sound can be matched to the volume of
the distorted sound. The optimum value
depends alittle on the pickup elements that
are used in the guitar. It was found that a
value of 10 kQ gave the most balanced
result. Note: The ‘bypass’-switch only turns
off the distortion, not the tone-control sec
tion. It is therefore not a real bypass...

Via a simple tone-filter, which mainly influ-
ences the higher frequencies, the signal

Elektor Products & Services
* PCB: #100923-1

* PCB artwork (free download): #100923-1.pdf

470k

<
.
<
<

JP7
‘bypass’

* 100923 - 11

Figure 1. The schematic is based on the TS9 Tube Screamer from Ibanez.

then arrives at the output buffer IC1B.
The potentiometer for the tone control is
connected via JP4. For the best feel when
adjusting the tone control it would be pref-
erable to use an inverse-logarithmic poten-
tiometer here. These are, however, difficult
to obtain. You could, of course, use a nor-
mal logarithmic potentiometer and wire it
the other way around, but this will proba-
bly feel a little strange, because the highest
gain then occurs when turning the potenti-
ometer to the left.

After the output buffer stage there follows
a simple volume control with a potentiom-

eter that is connected via JP5. A logarithmic
potentiometer with a value of 100 kQ will
suffice here.

The output impedance is quite large, but
with a short connection between this out-
put and the input of the next stage (the
multi-effects unit, for instance) this will not
resultin any problems.

The circuit has to be powered from a regu-
lated voltage of 9 V. If we are using a requ-
lated mains adapter with a 9 V output as the
power supply for the Digital Multi-Effects

* Elektor Digital Multi-Effects Unit:

» Demo movie at www.youtube.com/user/ElektorIM

elektor 04-20m

September 2010 (www.elektor.com/090835)
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Resistors
R1=470kQ
R2,R5,R9,R10 = 10kQ
R3 =4.7kQ

R4,R7,R8 = 1kQ

R6 =220Q

Capacitors
C1,C4=47nF
C2 =56pF
C3,C5=330nF
C6,C7 = 1uF
C8=47uF 16V

Semiconductors
D1,D2 =e.g. IN4148*
IC1 =e.g. OPA2134*

Miscellaneous

JP1,]P2,JP3,JP6,JP7 = 2-pin pinheader, lead
pitch 0.1 in. (2.54mm)

JP4,)P5 = 3-pin pinheader, lead pitch 0.7 in.
(2.54mm)

8-pin IC socket for opamp™

2 pcs 2-pin socket for diodes ™

2-pin socket for connecting drive pots

Unit, then all three boards (this preamp and
the user interface and main boards of the
Multi-Effects Unit) can all be powered from
the one power supply. The power consump-
tion is very minimal, so practically any stan-
dard adapter will suffice.

In the circuit of the preamp, R9 and R10 are
used to generate a symmetrical power sup-
ply voltage, where ground is replaced by
Vcc/2. The signal from the guitar is offset
by V¢¢[2, after which it passes through the
circuit. Before the signal reaches the output
of the circuit this offset is removed again by
(7, so that any of the following stages, such
as the input of the multi-effects unit, will
not be damaged.

Every guitarist has his or her own preference
as far as the sound goes. You are therefore
welcome to experiment to your heart’s con-
tent with the sound of this preamp. R3 and
(4 act as a high-pass filter, so that lower fre-
quencies are overdriven less by the diodes.
With the component values as indicated,
the corner frequency of this filter is about
720 Hz. By taking a larger value for C4,
the gain at lower frequencies is increased.
A smaller value results in a thinner sound.
Incidentally, a smaller value for R3 results in
more drive.

The diodes have by far the greatest influ-
ence on the sound. In our prototype we
used two standard 1N4148 diodes, which
generate a very pleasant sound. A TN4007
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Figure 2. The circuit board is
single-sided and designed to be
very compact.

2 pcs 3-pin header for connecting tone and
level pots

Potentiometers: 500kQ logarithmic (drive),
20kQ anti logarithmic (tone)*, 100kQ loga-
rithmic (level)

Wires for potentiometers

PCB # 100923-1, see [2]

* please refer to text

results in a somewhat ‘hulking’ sound,
while germanium diodes, such as the TN34,
provide a softer sound. The TN914 is also
a good candidate. Combinations of diodes
are also possible, for example a TN4148
connected in anti-parallel with two germa-
nium diodes connected in series. Each of
these results in a sound that is slightly dif-
ferent, which may appeal to one person but
perhaps not another. So we strongly recom-
mend that you experiment. It is therefore a
good idea not to mount the diodes directly
onto the circuit board, but to fit a couple of
sockets instead. In this way it is very easy
to try out different diode combinations by
simply plugging them in.

The type of opamp used has a lesser effect.
But the differences are definitely audible
and can make the difference between a
sound that is just right or one that is just
not right. Our preference is the OPA2134,
which gives a somewhat ‘smoother’ sound
than, for example, a TL072, which sounds
a lot coarser. Other opamps which are also
used by guitarists in Ibanez TS-9 pedals
are, among others, the LM358, the LM833,
the LT1124, the OP227 and the JRC4558D.
Each of these bestows its own effect on the
sound and it is only possible to pick the
‘best’ one by simply trying them all.

Finally it is also possible to experiment with
the tone control. R4 and C3 form a high-
pass filter (with the component values as
indicated, the corner frequency is at about

480 Hz). By varying C3 between 100 nF
(more treble) and 470 nF (more bass) there
is yet another opportunity to polish the
sound some more. With C5 and R6 and the
potentiometer the sound can be fine-tuned
externally. With C5 the same is true as for
C3: 100 nF gives more treble; 470 nF gives
more bass.

The assembly of this simple circuit is rela-
tively easy since only standard, leaded com-
ponents are used. The component overlay
is printed in Figure 2. As always, begin with
the low profile components such as resis-
tors and fit the taller components such as
capacitors last. This generally makes assem-
bly the most straightforward. A small piece
of soft foam can be pressed against the PCB
to help the components stay in place when
the board is turned upside down to solder
the leads.

To make it easy to try several different
opamps it is a good idea to use an IC socket
for this. You can then simply plug in the
opamp of your choice and it is also very
easy to swap it for another type. The same
is true for the diodes, but you will perhaps
have to improvise a little here; you could cut
two sockets from a female header/connec
tor and plug the diodes into these.

The potentiometers are connected to the
board with headers. This is mainly done to
keep the printed circuit board as small as
possible, but this way also allows them to
be mounted on a front panel in whatever
way you like best.

It is recommended that you use a mono
jack for the bypass switch. You can then
easily connect a simple foot switch from
the music store. The printed circuit board
layout can be downloaded from the Elektor
website [2], as well as the Eagle PCB design
files (Eagle version 5.6).

(100923-1)

Internet Links
[1] www.elektor.com/090835
[2] www.elektor.com/100923

[3] www.youtube.com/user/ElektorIM
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Specifications

e - Maximum of 16 steps

* -3 memory banks

e -CC1and CC2 can be set for each note
* -Very easy to use

The MIDI Step sequencer drives a synthe-
sizer or a (music) program on the PC via
MIDI. A maximum of 16 notes can have their
MIDI properties configured via 20 keys; 16
of them for the notes and four for loading,
saving, mode-selection and start/stop. With
this device it becomes child’s play to create
background rhythms or repeating melodies,
for example.

The Step sequencer uses only a very small
number of components. In the circuit we
find a PIC microcontroller, a number of resis-
tors and capacitors, a 2x16 character LCD,
a crystal and 20 keys. The majority of the
work is carried out by the microcontroller.

The sequencer can produce a maximum
of 16 steps. For each of those steps the

64

sequencer sends the associated MIDI infor-
mation to the connected synthesizer or PC.
The pitch, velocity (or volume) and the val-
ues for CC1 and CC2 can be set for each
step. The note, CC1 and CC2 values can
be turned on or off. The reason for turn-
ing off the note value is to make it possible
to create certain rhythms. The CC values
are only entered when they are required.
The length of all notes and the pitch of the
base-note can also be varied. With the lat-
ter all notes are transposed by the same
value. The number of steps can be set up
to a maximum of 16. The MIDI channel and
program number (instrument) can also be
individually configured.

The 20 keys on the sequencer have the fol-
lowing functions:

Keys 1to 16 — ‘normal’ keys
Key 17 — load

Key 18 — save

Key 19 — mode-select

Key 20 — start [ stop

By Pim van het Hof
(The Netherlands)

The modes that can be selected with key 19
are (in order):

Note (default)

Velocity

Skip

ccl

cc2

Control 1 =Speed (default 100)
2 =Length
3 =Base-note
4 = Steps
5 = MIDI channel
6 = Program no.
7 =CC1 no.
8=CC2no.

The function of keys 1 to 16 depends on
the mode selected. In the note and veloc
ity modes the key selects the relevant step.
The rotary encoder is then used to set the
value for that key. In skip mode pressing
the relevant key will toggle a step on or
off. In CC1 or CC2 mode pressing a key will
toggle the CC mode on or off. When it’s
on, the focus goes to the rotary controller,

04-2011 elektor
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The circuit diagram is dominated by the microcontroller and the large number of keys.

which is then used to set the CC value.

In control mode the keys have a very
different function. Key 1 then controls
the speed: with the help of the rotary
encoder you can set up the tempo. Key 2
is for setting up the note-length. With this
the length of all the notes can be config-
ured, again using the rotary encoder. If,
due to the tempo, the length cannot be
achieved, the notes will stop prematurely.
The base-note is set using Key 3. All other
notes are then tuned relative to this one
and increased by this value if required.
Key 4 selects the number of steps that the
sequencer carries out and Key 5 is used to
set the number for the MIDI channel.

Then there is Key 6, which selects the pro-
gram number or instrument (dependent on
the equipment that is connected). Keys 7
and 8 are used to configure the CC1 and
CC2 controllers respectively.

Space has been reserved in the microcon-
troller for three ‘songs’. Of course they need
to be programmed first using the keys and
the instructions shown above. After a press

elektor 04-20m

of the ‘save’ key the microcontroller asks in
which memory bank you want to store the
song. This number can be selected using
the rotary encoder. Another press of the
‘save’ key will then store the sequence in
the memory bank you selected. Loading
a sequence is done in a similar way, but of
course you must then use the ‘load’ key.

We constructed the prototype using a
piece of experimenter’s board. For the
display we used a type that is sold by
us (Elektor Shop # 030451-72), but any
HD44780 compatible display should be
suitable. Potmeter P1 is used to set the
contrast level. During the testing phase
we used pinheaders instead of keys,
where we put a screwdriver across two
pins to simulate a key-press. For day-to-
day use this isn’t very practical, so we
would suggest that these are replaced
with real keys. The quartz crystal was
mounted under the microcontroller. This
isn’t vital, but it made the construction
easier.

The MIDI output has been connected
directly to the microcontroller via a 220 Q
resister, rather than via an optocoupler that
is normally used. We never experienced any
problems when the sequencer was con-
nected to pin 15 of the (old) joystick socket
on a PC in this way. However, if you want
to do things properly you should add an
optocoupler to the output. A good source
of information about MIDI can be found at
www.midi.org ["l.

The hex-file for the microcontroller can be
downloaded via the web page for this proj-
ect 1. As part of the download you’ll also
get the Basic code for the firmware, which
was made using the PIC Simulator IDE from
Oshonsoft.

(090516)
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ATM18

ATM18 Catches the RS-485 Bus

By Grégory Ester (France)

If you’re looking to establish communications between
two electronic boards via a wired link over a distance of

over 1 km, with no intermediate active elements, then

1.2m

there’s really only one solution: an RS-422 link. And if you

want to link three boards, then the point-to-point link

becomes a multi-point link, and you’ll need an RS-485 bus.

In fact, we’re going take things a bit further
still, since here we’re setting up a commu-
nicating system involving four modules.
Three ATM18 boards are going to have to
get along with the latest newcomer: Muln
LCD, a display that’s directly compatible
with the RS-485 standard.

Physically, the data will be travelling over
just two wires, and consequently the trans-
mission mode will be semi-duplex: every-
body can express themselves, but everyone
has to take their turn. The EIA (Electronic
Industries Association) and TIA (Telecom-
munications Industry Association) stan-
dard imposes on us how to physically link
the communicating elements, but there’s
no imposed standard concerning the com-
munication protocol. So the data, the char-

Elektor products & services

¢ ATM18 8-relay board: Elektor #071035-72

¢ Expansion port board: Elektor #071035-95
¢ ATM18 controller board: Elektor #071035-91
¢ ATM18 piggy-back board: Elektor #071035-92

acters are going to be carried over a twisted
pair. As for the language to enable everyone
to understand each other — we’re going to
have to invent that. My appetite whetted
by Elektor’s E-Labs Inside pages, | couldn’t
resist ‘sticking my nose in’...

The players in the project

To make it easier to identify ‘who’s who’
throughout this article, we’ve adopted the
following convention: the two ATM18s fit-
ted with a two-wire LCD display will be
called ATMO1 and ATMO02, while the third,
connected to the ‘eight-relay module’, will
be called ATMO5. See also Figure 4.

So ATMOS5 is connected to the 8-relay board,
with the expansion port [1] to enable us to
economize our ATM18’s port lines, so we

110024 - 11

can drive the relays elegantly using just
two wires in addition to the power rails.
This project was the subject of an article in
the ‘ATM18 Relay Board and Port Expander’
article in the October 2008 edition, and the
hardware is available from Elektor with part
numbers 071035-72 and 071035-95.

The Muln LCD [2] is a module consisting
of a standard LCD display with its built-in
HD44780 chipset, coupled to a driver board
that’s directly compatible with our RS-485
bus. There’s a whole section about this a bit
further on.

ATMO1 will be able to control relays 1 and 2
on the Elektor relay board, while ATMO02 will
drive relays 3 and 4. It’s also worth noting
that it is possible, without modifying the
firmware, to rename the ATMO1 and ATM02

» Two-wire display: Elektor #071035-93
« Firmware and source code (free download): 110024-11.zip
* Hyperlinks used in article

* Items accessible through www.elektor.com/110024
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Figure 1. Adapting the signal to the line.

boards as ATM03 and ATM04, so they would
be able to drive relays 5 and 6 or 7 and 8
respectively. Muln will take care of giving a
visual indication of every event that takes
place.

So all these protagonists are going to have
to get along with each other on the same
EIARS-485 bus.

Understanding the bus

The ATMOx boards don’t communicate
directly between themselves, as they don’t
have RS-485-compatible ports. A commu-
nication module [3] makes it possible to
send data over the RS-485, by adapting the
asymmetric serial signal (TTL) into a sym-
metrical differential signal to the RS-485
standard. This conversion is mainly taken
care of here by the Analog Devices ADM485
line driver. Figure 1 shows us the positions
for the DIP switches so we’ll have, on the
serial port side, the three data lines Rx, Tx
and R/T available on HE10 connector pins 8,
7 and 3 respectively. Outputs A and B avail-
able on the screw terminal block deliver the
differential signal suitable for the link.

The ATMOx boards are capable of transmit-
ting and receiving at the same time, but on
the bus transmissions cannot take place at
the same time — this is the very principle of

(27 ma 503,30 ma 503,13 ma 504,06 ma

the semi-duplex link.

Physically, the bus consists of a pair of
conductors twisted together, keeping
unwanted effects like radiation and cross-
talk into other cables to a minimum. We’re
using the pair 1-2 of a Category 5e SFJUTP
network cable (data rate up to 1 Gbit/s,
200 times greater than the maximum pos-
sible using the ADM485 device). So there
are three pairs left over for sending other
information — we’re not going to be using
these in this project. SF stands for shielded,
foiled: the pairs are covered with foil and the
bundle of four pairs is screened. This pre-
cludes interference from nearby sources to
a high extent.

Access to the two conductors of our pair is
made easier by an adaptor board [4] that
will take your PCB-mounting RJ45 connec
tor. In Figure 2, the two orange and yel-
low wires correspond respectively to the
markings A (+) and B (-), the differential
transmission lines over which the signals,
perfectly complementary in terms of their
waveform, are conveyed.

The potential difference between point A
and point B is positive or negative, giving
us either a 1 or a 0. The differential voltage

504,59 ma EDE, 92 ma E06, 35 ma 507,958 ma

Figure 2. Breakout board:
escaping pairs.

balanced in this way limits the harmful influ-
ence of surrounding sources of interference.
You can see the waveform of these signals
in Figure 3. This was recorded without any
trickery using the Scanalogic-2-Pro logic
analyzer [5], a powerful tool whose capa-
bilities are inversely proportional to the
price tag!

R/T must be kept high so that the data can
be sent on Tx in the TTL RS-232 format. To
receive the characters on your microcon-
troller’s UART, R/T must be set to logic 0.
The block diagram in Figure 4 shows the
pins used for easy wiring. Up to 32 units can
be connected to the bus without a repeater.
The terminating resistors make it possible
to attenuate signal reflections as much as
possible — it would be rather tiresome if
the signal came back “under the feet” of
the ADM485 before you had finished send-
ing all the bits.

A MUIti-purpose INterface:

Muln LCD

More than just a simple LCD, this interface
does of course let you display text on the
screen, but the display can also be driven
via the USB port on a PC, via a wireless
remote thanks to some XBee modules, and

508,71 ma £09, 64 ms E10,567 mn 811,80

v DCEET ) st e | e | e )] e ) ) TR )| e o prwe ) p e

Figure 3. With the Scanalogic logic analyser, signals will never again be able to travel incognito.
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Figure 4. Block diagram for rapid wiring of all the boards.

of course via its native RS-485 link.

A set of commands interpreted by a
PIC18LF2550 lets you control the cursor
position, display bar graphs, adjust the
brightness of the backlight, or generate
tones. The board even includes six TTL- and
CMOS-compatible input/outputs and five
10-bit analog to digital conversion inputs.
If you already have a compatible display, you
can opt for just the driver board [6].

Before incorporating this beast into our
system, | couldn’t resist having a bit of a
play around with this excellent bit of hard-
ware from Droids. All the files available for
this product can be downloaded from the
manufacturer’s website [7] —i.e. the latest
firmware, complete with its little executable
that lets you update the firmware in the PIC
embedded on the board thanks to the built-
in bootloader (and hence without needing
to use a programmer), the graphical inter-
face (GUI) that lets you test all the functions

Table 1. Naming the ATM18 boards.

of the Muln LCD, and of course the driver for
controlling the virtual serial port. Once the
driver has been installed, all you have to do
to update Muln is follow the copiously-illus-
trated procedure on the aforementioned
website.

You can then remove all the pretty, almost
fluorescent yellow jumpers, leaving just
the two visible in Figure 5. At this point,
you should be ready to connect up the USB
cable so as to self-power the whole thing,
then to run the fine GUI interface, offer
you the result of a few tests, and insert a
screen shot of the whole thing... Well, no.
Instead, we’re going to unplug everything
and fit the jumpers so we can send com-
mands over the RS-485 interface using an
FTDI USB/RS-485 cable [8] and the Hercu-
les terminal [9]. To do this, shift the “USB”
jumper one pin to the left — this then means
you’ll have to power the board using an

external voltage supply of 6-9 V DC. Shift
the jumper that was in the “UART” position
one step to the right to “RS-485”. Power up,
and play...

The documentation is available online from
[10]. The frame is sent in hexadecimal and
the start is marked by sending $FE followed
by one or more bytes indicating the com-
mand and the parameters. Figure 6 corre-
sponds to three commands that can be sent
by clicking on the corresponding SEND but-
tons. The first clears the screen, the second
displays the message “Hello world”, and the
last one generates a tone.

Muln LCD is now ready to be incorporated
into the system.

Overall operation

After having configured the ATMO1 and
ATMO2 boards by setting PD5 and PD6 as
per Table 1, apply power to all the boards.

Table 2. Action - Reaction.

ATMOx PD6 PDs5 ATMO1 ATMo2
ATMO1 0 0

Press S1 RET = [RE1 Press S1 RE3 = [RE3
ATMO02 0 1
ATMO3 1 0 Press S2 RE2 = [RE2 Press S2 RE4 = [RE4
ATM04 1 1 Press S3 X Press S3 X

68
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The names ATMO1 and ATMO02 will be dis-
played automatically at start-up on the
first line of their respective two-wire LCDs.
Powering up ATMO5 causes a long beep
from the Muln, a friendly “Hello!”, and the
state of the eight relays in binary (from RE8
to RE1) is written on the second line (Fig-
ure 7). As shown here, none of the relays
are energized.

As the boards on the bus have been
assigned as ATMO1 and ATMO02, relays 1 to 4
are the ones we can operate. Thus pressing
one of the buttons S1, S2, or S3 will produce
an event (Table 2).

Figure 8 tells us about three events that
have just taken place: first, a press on
ATMO2 S1 has operated RE1, and the third

ATM18

Figure 5. Muln board mounted at the back side of the display unit.

line tells us that button S1 has just been
pressed again. But what do those dots on
the middle line mean?

If ATMO1 and ATMO02 both address the bus
at the same moment, a collision is inevi-

table. As a result, the two dots along with
a flashing cursor (not visible in the photo)
on the second line mean that ATM02 is on
hold, indicating that ATMO1 has just sent
a command to ATMO5. During this time,

XBEE STARTER KIT

XBee modules provide an incredibly versatile RF communication solution for
BASIC Stamp and Propeller microcontroller projects, and this kit helps you get
started. The XBee 802.15.4 Starter Kit (#32450; $179.99) includes the printed
tutorial and the hardware required to complete the activities in Chapters 1
through 6, on your own BASIC Stamp or Propeller microcontroller development
boards (not included). Subjects include XBee testing and configuration, network
topologies and communication strategies, and using XBee Reset, Sleep, and API
modes. Text has both BASIC Stamp (PBASIC) and Propeller (Spin) code examples.

Getting Started with
XBee RF Modules_

! for BASIE Stamp an

- 000 R
. B i

by Martin Hebel and George Bricker
with Daniel Harris

r. . 4
Note: soldering is required to assemble the XBee Adapter Board and
XBee USB Adapter Board.

Order the XBee 802.15.4 Starter Kit (#32450; $179.99) at www.
parallax.com or call toll-free 888-512-1024 (M-F, 7AM-5PM, PDT).

-
m

8 ) @

www.parallax.com

“Parallaxinc” on Twitter, Facebook, and YouTube

Prices subject to change without notice. BASIC Stamp is a registered trademark of Parallax Inc.
Propeller is a trademark of Parallax Inc. XBee is a registered trademark of Digi International Inc.
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ATMO2 must remain silent. In
other words, ATMO1 takes prece-
dence in case of conflicts on the
bus. However, if you fall asleep
over your boards and press all
the buttons, the ‘guard dog’
will wake you up! In this case,
ATMO1 and ATMO02 perform a hot
restart, and ATMO1 has priority.
Pressing S3 doesn’t operate a
relay, but lets you interrogate
their logic states, which are
displayed on the two-wire LCD
display. The state of the relay is
updated live on the Muln display.
If ATMO1 or ATMO2 restart, this is
also indicated by a message on
the Muln LCD.

For the whole thing to work, two
proprietary frames have been set
up. The send frame (ATMOXx to
ATMO5):

$PGE1,01,05,01,0001%*67
where:

* $PGE1: frame ‘1’ proprietary
to Grégory Ester

* 01:source board

* 05: destination board

* 01:relay to be activated

e Parameter ‘0001°: here the
parameter value is always ‘1°,
since the command is always the
same: “toggle the relay”

* x67: checksum, a simple XOR
on the preceding characters
excluding the ‘$’. If the check-
sum is incorrect, the frame is
ignored. Similarly, if you try to
send ATMO5 the following frame
‘PGE1,01,05,03,0001%65’
using the Hercules software, it
will be ignored, because, even
though the checksum is correct,
ATMO1 does not have the right
to drive relay 3.

The acknowledgement

frame (ATMO5 to ATMOx)
could look like this:
$SPGE2,05,02,03,0006*62

70

[~ Send

| ]wau r lﬂ(il Huriule SETUP sidhity
| CEEE I HEX Send I Vission 323

Figure 6. Sending your own commands over the RS-485 bus.

Figure 8. Is ATMO02 around?

Internet Links & References

www.elektor.com/080357

(1]
[2] www.robosavvy.com, in Products -> Display
[3] www.mikroe.com
[4] www.sparkfun.com/products/8790
[5] www.ikalogic.com/scanalogic2/
[6] www.lextronic.fr/P19764-platine-muln-pour-afficheur-lcd.
html, alternatively, [2]
7] www.droids.it, in the section Documents -> Downloads
8] e.g.Farnell part no. 1740357
] www.hw-group.com/products/hercules/index_en.html

10] www.droids.it, in the section Documents -> User guides

11] www.elektor.com/110024

* $PGE2 : frame ‘2’ proprietary
to the author (can be modified in
the source code)

* 05:source board

* 02: destination board

 03: relay that has just been
activated

* Parameter ‘0006’ a byte that
is the image of the logic state
of all the relays. Here (6)¢ =
(0000 0110), indicates that RE2
and RE3 are energized. A logical
AND on the bits we’re interested
in lets you recover the state of
the relays.

» *62 : checksum as before. If
the checksum is wrong, the mes-
sage ‘xx’ is displayed in place of
the two bits corresponding to
the state of the relays.

The system has been successfully
tested with a bus 6 m long.

Conclusion

The application suggested here
is of course not on the same
scale as the project currently
being prepared by the e-LABs.
Here, it was more a question of
letting you explore one possi-
ble application, some peripher-
als that are compatible or can
be made so, and a way of com-
municating. Just like you, I'm
waiting very impatiently for the
definitive solution that’s going
to be devised in the Elektor labs
and developed in the blue pages
in the center of the magazine...

The elements of firmware (with
source code) used for this proj-
ect are of course available for
you on the article’s web page
[11].

(1n0024)
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PIC Microcontrollers

Limited Time Offer:
$70 DISCOUNT

Benefit now!

In this course you will learn how to program an embedded microcontroller.
We will start with the absolute basics and we will go into a lot of detail.

You cannot learn about software without understanding the hardware so
we will also take a close look at the components and schematics. At the end
of the course you will be able to design your own embedded applications
and write the appropriate software for it.
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INFOTAINMENT

Hexadoku

After last month’s heavily Elektorized Hexadoku we revert to the standard grid of 16 by 16 boxes you’ve

grown accustomed to these past few years. Sharpen your pencil, sit down in a WiFi-free spot and enter the

right numbers in the puzzle. Next, send the ones in the grey boxes to us and you automatically enter the

prize draw for one of four Elektor Shop vouchers. Have fun!

The instructions for this puzzle are straightforward. Fully geared to
electronics fans and programmers, the Hexadoku puzzle employs
the hexadecimal range 0 through F. In the diagram composed of
16 x 16 boxes, enter numbers such that all hexadecimal numbers
0 through F (that’s 0-9 and A-F) occur once only in each row, once

Solve Hexadoku and win!

Correct solutions received from the entire Elektor readership automati-
cally enter a prize draw for one Elektor Shop voucher worth $ 140.00*
and three Elektor Shop Vouchers worth $ 70.00* each, which should
encourage all Elektor readers to participate.

* Subject to exchange rate

in each column and in each of the 4x4 boxes (marked by the thicker
black lines). A number of clues are given in the puzzle and these
determine the start situation. Correct entries received enter a draw
for a main prize and three lesser prizes. All you need to do is send us
the numbers in the grey boxes.

Before May 1, 2011, send your solution (the numbers in the grey box-
es) by email, fax or post to

Elektor Hexadoku - 4 Park Street — Vernon CT 06066
USA

Fax 860 8751-0411 Email: hexadoku@elektor.com

Prize winners
The solution of the February 2011 Hexadoku is: 9084B.

The $ 140.00 voucher has been awarded to: H.A. Stuut (The Netherlands).
The $ 70.00 vouchers have been awarded to: Moses McKnight (USA);
Joachim Hey (Germany); Knut L. Bakke (Norway).
Congratulations everyone!
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72 04-2011 elektor



icon Valley-May 2- 52 2011

Join the industry’s leading embedded systems event
(Translation: Can’t miss event)

ESC brings together the largest community of designers, technologists,
business leaders and suppliers in one place.

Keynote Speaker
Steve Wozniak

Co-Founder, Apple Computer, Inc.

and electronics industry visionary delivers the
opening keynote speech on Tuesday, May 3rd
at ESC Silicon Valley!

Categories and Tracks that address the most relevant issues facing engineers and the industry.
Take a moment to review this content, so that you can customize your educational experience.

Applications
« HMI and Multimedia
- Systems Architecture
- Reliability, Security, and Perforance
- Remote M

ource

oring and Wireless Networking

O, and Networking
Techniques

Tools and Best Practices

« Best Practices

» Debugging and Optimizing
+ Design and Test

» Managing and Process
«Tools

Topics in Embedded-System Design

» Architecture Design

» DSP, Communication, and
Control Design

« HW and Platform Design

+ Quality Design and
Intellectual Property

- Safety Design




GERARD’S COLUMNS

Partnering

Gerard Fonte (USA)

Getting a company started is difficult. Having someone (or two)
to share the load can be helpful, if it’s the right someone. If it’s the
wrong someone, your company will crash and burn during take-off.

It Takes Two to Tango

The first and most important consideration is the ability to work
closely together. This involves a number of factors. The first is per-
sonality type. Unfortunately, engineers tend to be loners. We’re
comfortable working by ourselves. We also tend to have strong
egos. This is especially true for those who choose to work for
themselves. In other words, working closely with someone else —
as equals —is not always an effortless thing to do. It’s easy get into
arguments about the “best” approach for the hardware, software
or other aspect of your new product.

One way to avert this is to assign responsibility for different parts
of your product. For example, you might be in charge of software
and Bob would be in charge of hardware. This helps to head off con-
flicts before they start. Of course, this doesn’t mean that Bob has
no say in your hardware design and vice versa. Both of you must be
intimately aware of each other’s work in order to produce the best
product possible. You can’t Tango from opposite sides of the room.
Rather one person leads and the other follows. Both must work
towards the same goal in a tightly coordinated pattern of actions.

Presumably, you’ve already worked on various projects together.
So you understand each other’s habits, strengths and weaknesses.
Being friends is often good because loyalty, respect and consider-
ation are important in working as a team. But, being best friends
can be a liability. It’s critical to be able to separate business from
friendship. If you’re too close, this separation can be difficult and
business arguments will turn into personal arguments. While mar-
riage may be the primary reason for ruining friendships, being busi-
ness partners is a close second.

Working Hard or Hardly Working

As | have said many times before, starting a new business requires
lots of hard work. Two people working together can accomplish
more than one person alone. But there are more expenses with two
people. Obviously, both of you would like to eat and have a place
to sleep. So the amount of work, per person, is still considerable.
You can expect 60 to 80 hour work-weeks for the first year, at least.
Unfortunately, there are some people who take advantage of their
partner. They like the concept of working for themselves, but don’t
like working. These people want to “manage” or be the “idea” per-
son. They don’t like getting their hands dirty. This is nonsense. Every
start-up company that succeeds requires the founders to perform
every aspect of the business. And, quite simply, any start-up that
doesn’tis going to fail.

Sometimes, one partner enables the other partner’s idleness. For
example, you might have very strong feelings towards the hardware
design. So you decide to do it all yourself. However, you have just
taken the work from Bob. Now Bob has nothing to do. If Bob is not
strong enough to object to your taking his work, the situation will
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deteriorate. You will get angry because you’re doing all the work.
Bob will be angry because you don’t trust him to perform his own
work.

It may be true that you are a better hardware designer than Bob
(one of you must be better than the other). But this is not a reason
to take over the design. One person can’t do the work of two. This
is the whole basis of forming a partnership. If you can’t accept that
Bob may be weaker at hardware than you, you shouldn’t have part-
nered with him from the start (and you may be better off working
alone). Just because he isn’t the best doesn’t mean that he can’t
contribute. It may be appropriate for you to perform the more criti-
cal tasks. But it is inappropriate for you to commandeer those tasks
that Bob can succeed at. Remember, the product doesn’t have to be
perfect. It just has to be very good.

Complements Work Best

Suppose you and Bob are both top-rate hardware designers. Should
you partner? The truth is, probably not. It is unusual for a start-up
to require two hardware engineers. Most often there will be a need
for hardware and software, or hardware and RF, or software and RF,
etc. (And all start-ups need to consider marketing). It’s generally
better to have partners with complementary skill sets. This allows
easy partitioning of tasks and a wider range of product possibilities.

Outside Help
Sometimes instead of partnering, you can form a loose association.
When you need expertise in something you are not strong at, you
can call Joe for RF help. When he needs hardware assistance, he can
call you. There are many people who would much rather do occa-
sional outside work than quit their day job. In this case, they are
working for you as contractors. It’s very useful to set up a network
of other self-employed engineers or those willing to do extra work.
This can provide you with the advantages of “partnering” without
the commitments (Engineering friends with benefits?).
The financial arrangements can be straight hourly wage, fixed price
contract or a percentage of the sales. Most probably, they will want
a payment rather than a percentage. This cost can be difficult for a
start-up. You are putting sweat-equity in order to keep expenses
low. However, you can often get a very good price from a friend —
especially if you pay in cash. And if the task is relatively small, it may
be cost-effective.
Another approach for outside help is the engineering support facili-
ties of electronic parts manufacturers. If you need a simple design
they may have one already available in an application note. | know
of occasions where the technical support engineers have actually
created a design for a customer wanting to use their part. However,
don’t expect this to work more than once.
Partnering is very different from working for yourself. It requires
an intimate professional association unlike anything else. Patience,
coordination and compromise are absolutely necessary. But if it
works you can be the next Steve Jobs and Steve Wozniak.

(110252)
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Elektor App for iPhone

and iPad

The Elektor Electronic
Toolbox

Elektor now offers an App you
cannot afford to miss on your
iPhone, iPod Touch oriPad.

The Elektor Electronic Toolbox is
a collection of no fewer than

28 electronic tools that can be
picked from a comprehensive set
of icons!

Highlights:

— Databases for Transistors, FETs,
Triacs, Thyristors, Diodes and ICs

- NE555 circuit design

- An Ohms Law calculator

- Schematic Diagrams

- Number base converter

- LED | resistor calculation

- R/Land BJT calculations

- And more

Now available from
the Apple iTunes Store
for just $5.99!

Furtherinformation at

www.elektor.com/app

STC Microcontroller
The World’s Largest 8051 MCU Family

- Enhanced 80C51 CPU, 1T per machine cycle
- Binary level compatible with conventional 8051
- 0.5-62K on-chip flash ROM

- Up to 2048KB SRAM

s In-System program or In-Application program

- 1000+ parts

- Free ISP software

- Keil IDE supporting

- Instant order online

- World wide free shipping

Feature Product

USB ISP Tool STC11F04E
Unit Price:

Compatible with AT89C4051
6-8 times faster in average

2K EEPROM

16, 18, 20pins DIP/SOP/LSSOP

Reduce the cost dramatically while
considerably improving the performance

Tel: +8610 8256 2708 Email: sales@stc-51.com
Website: http://www.stc-51.com

=

DVD Elektor 2010

The year volume DVD/CD-ROMs are among the most popularitems in Elektor’s
product range. This DVD-ROM contains all editorial articles published in Volume
2010 of the English, American, Spanish, Dutch, French and German editions of
Elektor. Using the supplied Adobe Reader program, articles are presented in the
same layout as originally found in the magazine. An extensive search machine is

ISBN 978-90-5381-267-9

available to locate keywords in any article. With this DVD you can also produce $28.30

hard copy of PCB layouts at printer resolution, adapt PCB layouts using your

favourite graphics program, zoomin [ out on selected PCB areas and export IE'SI:;;’; l1J§0

circuit diagrams and illustrations to other programs. Vernon, CT 06066
USA

Phone: 860-875-2199

Fax: 860-871-0411
Ektor E-mail: sales@elektor.com

\_ 4

Further information and ordering at www.elektor.com/shop
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RETRONICS

137 Years of

Solid-state Electronics

By Andrew Emmerson (UK)

No. B3G,531. PATENTED NOV. 20, 1906.
G. W. PICEARD.
MEANE FOR RECEIVING INTELLIGENCE COMMUNICATED BY ELECTRIC WAVES.

APPLICATION TILED AUG, 30, 1308 a
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Figure 1. Patent awarded to Greenleaf Pickard in 1906 after he
perfected the crystal diode.

You might be surprised to learn that solid-state electronics date
back as far as 1874, when in fact Ferdinand Braun invented a
solid-state rectifier using a point contact based on lead sulfide.
But the chief credit for starting the silicon revolution goes to
Greenleaf Pickard of Amesbury, Massachusetts, who discovered
that the point contact between a fine metallic wire (the so-called
‘cat’s whisker’) and the surface of certain crystalline materials
(notably silicon) could rectify and demodulate high-frequency
alternating currents, such as those produced by radio waves in
areceiving antenna.
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Jan. 23, 1930. J. E. LILIENFELD 1,745,175
METHOD AND APPARATUS FOR CONTROLLING ELECTRIC CURRENTS

Filed Oct. B, 1926
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Figure 2. Lilienfeld’s patent of 1926 for a ‘Method and Apparatus
for controlling Electric Currents’.

In 1906 Pickard perfected the crystal detector (which he called a
‘wave-interceptor’) and took out a patent for the use of silicon in
detectors (Figure 1). This crystal detector (point-contact recti-
fier) was the basis of countless crystal set radio receivers, a form
of radio receiver that was extremely popular until the thermionic
triode valve superseded the crystal detector. Pickard’s diode was
nevertheless a purely passive device and to earn the real prize
somebody would have to achieve amplification using crystal
devices.

This did not take long, for already in 1910 Dr W.H. Eccles read a
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March 7, 1933 1,900,018

J. E. LILIENFELD
DEVICE FOR CONTROLLING ELEGTRIC CURRENT

3 Sheets=Sheet 1

Filed March 28, 1928
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Figure 3. This 1933 patent by Lilienfeld describes the principle of
the Field Effect Transistor and its advantages over
“cumbersome vacuum tubes”.

paper to the Physical Society of London on his use of a galena crys-
tal to produce sustained oscillations, although most of the credit
for creating practical solid-state amplifying devices goes to Oleg
Losev of Russia, who used zincite and a steel cat’s whisker with bias
to make an oscillator and even a low-power transmitter in the early
1920s (it’s not clear whether Losev was aware of Eccles’ pioneer
work a decade earlier). Losev’s work was reported in considerable

RETRONICS

detail in the September 1924 issue of Radio News and in the Octo-
ber 1 and 8, 1924 issues of Wireless World. Hugo Gernsback, the
editor of Radio News, even predicted, correctly, that crystals would
someday replace valves in electronics. The majority of these early
experiments — and additional refinements — have been replicated
by modern-day researchers [ and ' and a Popular Wireless booklet
of 1925 that has been posted online 1! gives full details for duplicat-
ing crystal oscillator circuits.

False history

Most of us believe the transistor was invented at Bell Telephone Lab-
oratories in 1947, which proves how easy it is to propagate false his-
tory. In fact BTL's team merely created a variant of a device invented
and already patented a quarter of a century earlier. Whether they
overlooked or chose to ignore this prior achievement is lost in his-
tory but what is not in doubt is that Dr Julius Lilienfeld of Germany
secured a US. patent (Figure 2) for his invention in 1926. Lilienfeld
believed that applying a voltage to a poorly conducting material
would change its conductivity and thereby achieve amplification.

He demonstrated his remarkable tubeless radio receiver on many
occasions but earned few thanks for threatening the economic
domination of the vacuum tube. Lilienfeld followed up his original
patent for a ‘Method and Apparatus for controlling Electric Cur-
rents’ with another granted in 1933 (Figure 3). Radio historian
David Topham GM3WKB comments: “US patent 1,900,018 clearly
describes the field effect transistor, constructing it using thin film
deposition techniques and using dimensions that became normal
when the metal oxide FET was indeed manufactured in quantity
well over 30 years later. The patent (and subsequent ones) describes
the advantages of the device over ‘cumbersome vacuum tubes’.”
(110020)

Internet Links

[1] http://home.earthlink.net/ ~lenyr/iposc.htm
Nyle Steiner replicates Losev’s oscillating crystals

[2] http:/[pw1.netcom.com/~ wa4dqal/crystal2.htm
David Glass achieves audio oscillations with iron pyrites
[3] https://docs.google.com/viewer?url=http://earlywireless.com/
pdf/pw_xtal_experimenters_hdbk.pdf
Popular Wireless Crystal Experimenters Handbook, October 1925
[4] http:/[patft.uspto.gov/netahtml/PTO/search-bool.html
Search engine for the full text of all US patents from 1790 to the
present day.

Retronics is a monthly column covering vintage electronics including legendary Elektor designs. Contributions, suggestions and
requests are welcomed; please send an email to editor@elektor.com

elektor 04-2010
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AN ST ISHOWCASE

To book your showcase space contact Strategic Media Marketing Inc.

Tel. 1-978-281-7708 Fax 1-978-281-7706 Email ElektorUSA@smmarketing.us

Instruments
A Rohde & Schwarz Company

Oscilloscopes

Power Supplies
Spectrum Analyzers
RF Instruments
Programmable
Measuring Instruments

HAPRO Electronics
Tel: +1-516-794-4080
sales@haproelectronics.com
www.haproelectronics.com

ﬁ Bps BusBoard www.BusBoard.us
Prototype
Systems BB400T

Many PCB styles
available _ Transparent

SB400
Solderable

BreadBoard Build

k"/ and Test

Available from:

amazon.com

EasyDAQ

Neai producis, low cost, no Irills

& USB powered, 4 relays + 4 DIO channels
* Will switch 120/240VAC @ 10amps

& Screw terminal access
» LV,CVI,VB-C,C#, IV
* Free shipping
s From $57*

Design & supply of
USB, Wireless, LAN,

Serial & Internet DAQ,
Relay/DIO card products www.easydaq.biz
& custom design work info@easydaq.biz

el i B Gonpany

¢~ SCIENCE,
WY ROBOTICS &

TMAGES Scientifie Istruments [nc.

Microcontrollers

Servo Motor Controllers
Artificial Vision

Speech Recognition

Flex Sensors
www.imagesco.com
Tele: (718) 966-3694 Fax: (718) 966-3695

MaxSonar
Ultrasonic Range Finder

. XL-MaxSonar-EZ
* Beam pattern choice
* High acoustic power
* Real-time calibration
*$39.95USD gty. 1
MaxSonar-WRC ipe7

* Compact packaging
* Standard 4" fitting

* Quality narrow beam
* $99.95USD qty. 1

www.maxbotix.com

EiPololu

Robotics & Electronics

Robot chassis, wheels,
casters, motors & servos

RP5 chassis with feedback
49.9
$ s Controllers, sensors, £
\.cables, batteries & more!

Plastic SMT stencils &
custom laser cutting

cob-4

basic overlay board for NTSC & PAL
. 15 T 2

1

NEW REDUCED PRICING

Automatic text scroll & crawl - ‘TTL-232" & SPI control ports
Any size for custom fonts - Vector & bitmap graphics

|n| DEecADE ENGINEERING
| I www.decadenet.com

A[}z AP CIRCUITS

As low as... Two Boards

Two Layers
= Two Masks

eacht  One Legend

Unmasked boards ship next day!

www.apcircuits.com

2

m
£
£

JTAG Cables Plug Directly To PCB!
The GREENEST Connectoris NO CONNECTOR!!
Save Space & Cost on every Board!!

www.PlugOfNails.com

I

(303) 443:65
WWW, ['n-:m wirele .{:.H

Boulder,

Microcontroller modules
Communications modules
Support modules
Accessories
e M Kits available.
With BASIC On Board — development tools
and compilers are no longer necessary.

Prototypes
quickly and easily

Explore
microcontrollers

Learn
programming

ATRIA Technologies Inc

www.AtriaTechnologies.com

TO BOOK YOUR SHOWCASE SPACE

CONTACT STRATEGIC MEDIA MARKETING INC.
Tel. 1-978-281-7708 e Fax 1-978-281-7706
Email ElektorUSA@smmarketing.us
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products and services directory

SHOWCASE YOUR COMPANY HERE

Elektor provides you with more ways to « For just $1100 ($100,00 per issue for — i.e., product shot, screen shot from your
promote your business with our Showcase eleven issues), Elektor will publish your website, company logo, catalog cover — or
section -- a permanent feature of the company name, website address and a 30- whatever you choose to showcase.
magazine where you will be able to further word description.
highlight your products and services. * For $1650 ($150,00 per issue for eleven Places are limited and spaces will go on a
issues), we will publish the above plus strictly first come, first served basis.
run a 2-inch square, full-color image So please fax back your order today!
|—Iwish to promote my company, please book my space: —l
* Text insertion only for $1100  * Text and photo for $1650
NAME: ..ottt et ORGANISATION: ..ottt ssesesesese s esesese et ssesesesesesseseaens
JOB TITLE: ...ttt sttt sttt ettt ettt bttt h bbb e st h et s st b b ettt bttt bbbttt bbbt be ettt be b st
ADDRESS ...ttt et b bbbttt
................................................................................................................... TEL: oo
PLEASE COMPLETE COUPON BELOW AND FAX BACK TO 1-978-281-7706
COMPANY NAME ...ttt ettt
WEB ADDRESS ...ttt
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Education Never Ends. everything you need to know to get started.

ELECTRONICS

PROCESSING
e — EXPLAINED

o e

PR it i

By: Michael Parker By: Gina Smith By: William Kafig By: Lou Frenzel
ISBN: 9781856179218 ISBN: 9781856177061 ISBN: 9781856177047 ISBN: 9781856177009
$54.95 $44.95 $44.95 $44.95

Visit newnespress.com today and sign up for our Newnes Online Membership.
Receive our best discounts - Hear about books before they publish
Access to free sample chapters, video tutorials and more!

Find these books and more at newnespress.com
or your favorite online retailer!

Order today!

www.newnespress.com
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SHOP BOOKS, CD-ROMs, DVDs, KITS & MODULES

oing Stron

Introduction to
control ...
Engmeermg

controbet saft speed

e e w

*

for Subscribers!

10% DISCOUNT

Www.elektor.comlmarch

Limited Period offer w

o

A sourcebook of solutions for control system applications

Introduction to Control Engineering

electronic hardware and computing platforms.

164 pages ¢ ISBN 978-0-905705-99-6 * $44.40

This book s intended as a source of reference for hardware and software associated with instru-
mentation and control engineering. Examples are presented from a range of industries and ap-
plications. Throughout the book, circuit diagrams and software listings are described, typical of
many measurement and control applications. The hardware and software designs may be used
as abasis for application by the reader. The book contains examples of PIC, PLC, PACand PC pro-
gramming. All code samples are available to download free of charge from the support website.
After an introductory section on control theory and modelling, the text focus is upon software
for control system simulation and implementation, with appropriate reference to interfacing,

J

80 Prices and item descriptions subject to change. E. & O.E
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Visual Studio
C#2010 Programming
and PCinterfacing

This book is aimed at anyone who wants to
learn about C# programming and inter-
facing to a PC. It covers programming con-
cepts from the basics to object oriented
programming, displaying graphs, threading
and databases. The book is complete with
many full program examples, self assess-
ment exercises and links to supporting
videos. All code examples used are available
- free of charge - from a special support
website. Professional quality software tools
are downloadable -also free of charge-
from Microsoft. The Microsoft Visual Studio
2010 environment is extensively covered
with user controls and their properties,
methods and events.

306 pages ° ISBN 978-0-905705-95-8 * $47.60

Experiments with
Digital Electronics

Associated Starter Kit available
Experiments with
Digital Electronics

This book presents fundamental circuits
using gates, flip-flops and counters from the
CMOS 4000 Series. Learning these funda-
mentals is best done using practical experi-
ments. Eachofthe 50 experiments presented
in this book has a circuit diagram as well as
a detailed illustration of the circuit’s
construction on solderless breadboard.

176 pages * ISBN 978-0-905705-97-2 * $42.80

J
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Fundamental
Amplifier Techniques

—~
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Elal ter

The ultimate tube amplifier reference book

Fundamental Amplifier
Techniques

The aim of this book is to give the reader
useful knowledge about electron tube
technology in the application of audio am-
plifiers, including their power supplies, for
the design and DIY construction of these
electron tube amplifiers. This is more than
justbuilding an electron tube amplifierfrom
a schematic made from the design from
someone else. No modern simulations, but
because you first understand the circuit
calculations, then you can work with your
hands to build the circuit .

834 pages * ISBN 978-0-905705-93-4 » $104.90

Associated starter kit available

ARM Microcontrollers

Thisisthe perfect book for people who want
tolearnCandwhowanttouseanmbed ARM
microcontrollerin an easy and fun way. The
mbed NXPLPC1768 uses cloud technology.
This means you do not need to install soft-
ware on your PC in order to program the
mbed! The only thing you needis a browser
and a USB port on your PC. No previous ex-
perience orknowledge required. Youcanget
accesstoyour projectfromany PCanywhere
in the world and continue working on it.
Whenyou are doneafewmouse clicks trans-
ferthe program to your mbed hardware.

250 pages ° ISBN 978-0-905705-94-1 « $47.60
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Enhanced second edition

Design your own
Embedded Linux
Control Centre ona PC

The main system described in this book
reuses an old PC, a wireless mains outlet
with three switches and one controller,
and a USB webcam. All this is linked to-
gether by Linux. This book will serve up the
basics of setting up a Linux environment
-including a software development envi-
ronment - so it can be used as a control
centre. The book will also guide you
through the necessary setup and configu-
ration of a webserver, which will be the in-
terface to your very own home control
centre. New edition enhancements in-
clude details of extending the capabilities
of your control center with ports for a
mobile phone (for SMS messaging) and
the Elektor “thermo snake” for low-cost
networked real-time thermal monitoring
of your house and outbuildings. Now you
can additionally also send all kinds of use-
ful temperature and sensor warnings to a
mobile phone. All software needed will be
available at the Elektor website.

416 pages ° ISBN 978-1-907920-02-8 * $55.70

J
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RFID, NFC, Zigbee, GPS and more

pvD Wireless Toolbox

On this DVD-ROM you’ll find a number of
technical documents and tools that will en-
able you to add wireless data exchange to
your electronics systems. The choice of
equipment depends on the transmission
distance: afew centimetres using Near Field
Communication (NFC) or Radio Frequency
Identification (RFID), tens of metres with
the Bluetooth, Wi-Fi or ZigBee systems,
or indeed thousands of kilometres using
amodule for receiving GPS data. The DVD
contains technical documentation (spec.
sheets, application notes, user guides, etc.)
on various devices according to the
frequency and/or protocol used. All of the
documents are PDF files (in English).

ISBN 978-90-5381-268-6 * $46.00

110 issues, more than 2,100 articles
pvp Elektor
1990 through 1999

This DVD-ROM contains the full range of
1990-1999 volumes (all 110issues) of Elek-
tor Electronics magazine (PDF). The more
than 2,100 separate articles have been clas-
sified chronologically by their dates of pub-
lication (month/year), but are also listed
alphabetically by topic. Acomprehensivein-
dex enables you to search the entire DVD.
This DVD also contains (free of charge) the
entire ‘The Elektor Datasheet Collection
1...5’ CD-ROM series, with the original full
datasheets of semiconductors, memoryICs,
microcontrollers,and much more.

ISBN 978-0-905705-76-7 * $111.30




75 Audio designs for home construction

pvbp The Audio
Collection 3

A unique DVD for the true audio lover,

containing more than 75 different audio
circuits from the volumes 2002-2008
of Elektor. The articles on the DVD-ROM
cover Amplifiers, Digital Audio, Loud-
speakers, PC Audio, Test & Measurement
and Valves. Highlights include the ClariTy
2x300 W Class-T amplifier, High-End
Power Amp, Digital VU Meter, Valve Sound
Converter, paX Power Amplifier, Active
Loudspeaker System, MP3 preamp and
much more. Using the included Adobe
Readeryou are able to browse the articles
on your computer, as well as print texts,
circuit diagrams and PCB layouts.

ISBN 978-90-5381-263-1 * $28.90

More than 75 power supply designs
co The Power Supply

Collection 1

This CD-ROM contains more than 75 dif-
ferent power supply circuits from the
volumes 2001-2005 of Elektor. Highlights
include the Cuk Converter, Automatic
Battery Switchover, Battery Voltage LED,
Digital Benchtop Power Supply, Lithium-
lon Charger, Electronic Fuse, High Voltage
Regqulator, Power Supply for USB Devices,
Step-up Converter for White LEDs, Vehicle
Adapter for Notebook PCs and much
more. Using the included Adobe Reader
you are able to browse the articles on your
computer, as well as print texts, circuit
diagrams and PCB layouts.

ISBN 978-90-5381-265-5 * $28.90

(December2010)

An Internet connection would be a valua-
ble addition to many projects, but often
designers are put off by the complexities
involved. The ‘NetWorker’, which consists
of asmall printed circuit board, a free soft-
ware library and a ready-to-use microcon-
troller-based web server, solves these
problems and allows beginners to add In-
ternet connectivity to their projects. More
experienced users will benefit from featu-
res such as SPI communications, power
over Ethernet (PoE) and more.

Module, ready assembled and tested

(September2010)

It’s a simple fact: every recording sounds
better with the right sound effects. Here
we prove that it’s possible to generate a
variety of effects digitally, including hall,
chorus and flanger effects, without having
toworkyourself to the bone with DSP pro-
gramming. The circuit is built around a
highly integrated effects chip and featu-
res an intelligent user interface with an
LCD. The result is a treat for the eye and
theear.

Kit of parts including PCBs, programmed
controllers and EEPROM

(July/August 2010)

Many radio amateurs in practice use two
receivers, one portable and the other a
fixed receiver with a PC control facility.
The Elektor DSP radio can operate in ei-
ther capacity, with a USB interface giving
the option of PC control. An additional
feature of the USB interface is that it can
be used as the source of power for the re-
ceiver, the audio output being connected
to the PC’s powered speakers. To allow
portable 6 V battery operation the circuit
also provides for an audio amplifier with
one or two loudspeakers.

PCB, assembled and tested

(March 2010)

This open-source & open-hardware pro-
jectaims to be more thanjustalittle board
with a big microcontroller and a few use-
ful peripherals — it seeks to be a fast pro-
totyping system. To justify this title, in
addition to a very useful little board, we
also need user-friendly development tools
and libraries that allow fast implementa-
tion of the board’s peripherals. Ambitio-
us? Maybe, but nothing should deter you
from becoming Master of Embedded Sys-
tems Universe with the help of the Elektor
Sceptre.

PCB, populated and tested, test software
loaded

- J
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March 2011 (No.27) $
+ + + Product Shortlist March: See www.elektor.com + + +

February 2011 (No. 26)

ARM Microcontrollers 1
ISBN 978-0-905705-94-1 .....cccceveueereennnnen $47.60

Gentle Awakenings

January 2011 (No. 25) DVD The Audio Collection 3

080850-1 ...... Printed circuit board 47.10 1
080850-41 .... ATmega168-20PU, programmed 14.20 Fundamental Amp"ﬁer Techniques
Ultimatic CW Keyer with Electron Tubes
100087-41 .... PIC16F688-I/P, programmed 14.20 2 ISBN 978-0-905705-93-4.......ccccceeuueeereen $104.90
Educational Expansion Board C# 2010 Programming and PC interfacing
100742-1 ...... Printed circuit board 41.90 3 ISBN 978-0-905705-95-8 $47.60
Contactiows Thermometer vy | T ISENSTEO005T05 95 B g
100707-1 ...... Printed circuit board 33.10 =z Experiments with D|g|ta| Electronics
100707-41 .... PIC16F876ADIL28, programmed 21.40 () 4 ISBN 978-0-05705-97-2 $42.80
TimeClick o

1 100371-1 ...... Printed circuit board 58.10 (el Power Electronics in Motor Drives

' 100371-41 .... ATtiny861-205U, programmed Q0 5 ISBN 978-0-905705-89-7 .......cvverrerrenrenns $47.60
MIAC Controlled Underfloor Heating System X | |b
MI0235.......... MIAGPLC 248.40 7, DVD Wireless Toolbox
MI472.......... MIACand Flowcode 4 447.90 1 ISBN 978-90-5381-268-6.....vecveevereaensennes $46.00
MI3487.......... 3xMIAC and Flowcode 4 971.00
Linux’ed Telephone-to-VolIP Adapter o 2 cD The Power Supply Collection 1
100761-1 ..... Printed circuit board 13.20 z ISBN 978-90-5381-265-5......cc000e0eururuencnes $28.90
100761-41 .... PIC18F2550-1/SO, programmed 21.40 1

(] )

ISBN 978-90-5381-263-1......cccccccuuereerecnne $28.90

Nixie Tube Thermometer
090784-1 ...... Printed circuit board 20.00 pDVD Elektor 1990 th I'OUgh 1999
090784-41 .... Programmed controller AT89C2051/24PU ........c.ccoeurerrererrenenees 14.10 ISBN 978-0-905705-76-7 $111.30
Flight Data Recorder pp——
071035-91 .... ATM18 controller module 15.40 L :
090773-91 .... PCB, populated and tested DVDngghg-End Valve Ampllﬁers >

with programmed bootloader 90.00 ISBN 978-0-905705-86-6.........ccuuneeeeeenne $40.20
1006531 ...... Printed circuit board 20.90
Low-cost Headphone Amp Art. #100552-91 $85.50
100500-71 .... Elektor Project Case 25.80
100701-1 ...... Printed circuit board 14.10
Wireless ECG Art. #090559-91 $143.60
080805-1 ...... Printed circuit board 14.10

Support Board for Arduino Nano
100396-1 ...... Printed circuit board 29.00 Art. #100126-91 $240.40

December2010 (No. 24)

NetWorker Art. #MI0235 $248.40
100552-91 .... Module, ready assembled and tested 85.50

Heating System Monitor

090328-41 .... ATmega328-20AU (TQFP32-08), programmed.............c.ceeueenees 17.80 \ Art. #090835-71 5266.2y
Stroboscopic PCFan

100127-1....... Printed circuit board 7.30

100127-41 .... ATtiny 2313, programmed 8.75 Orderquicklyand securely through

ARM Freephone Control

080632-91 ... ECRM40 module, ready assembled and tested...............coccoocc. 51.70 WWW I k r m I h

Modular LED Message Board ¢ e e to ¢ co S 0 P

100664-41 .... MC9S08SH32CWL, programmed 14.20

Speed Controller for Small DC Motors oruse the Order Form near the end
100571-41 ... ATtiny44-20PU, programmed 14.20

of the magazine!

November2010 (No. 23)

Micro Fuel Cell Measures Oxygen Concentration

090773-91 .... PCB, populated and tested with programmed bootloader.......... 90.40

Elektor US
The 5532 OpAmplifier (2) [ PO Box 180
100124-1 ...... Amplifier board (one channel) 37.10 e tor Vernon. CT 06066
100124-2 ...... Power supply board 29.00 ’

...... USA

Camera Interval Timer Phone: 860-875-2199

081184-41 .... PIC16F886-I/SP, SPDIP28, programmed ............cc.ceeereeenmeeenne 12.90 Fax: 860-871-0411
N J E-mail: sales@elektor.com
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COMING ATTRACTIONS NEXT MONTH IN ELEKTOR

Microphone Conferencing System

Companies and families increasingly make use of on-line (video) conferencing and sound
is often the problem. When a large group of people is gathered around a (laptop) micro-
phone, it often happens that colleagues at the far end of the line have great difficulty in
following the conversation. Sure, a good microphone will do the job to some extent, but
in larger rooms that are not the best in terms of acoustics a single microphone just isn’t
sufficient. In the May 2011 edition we propose a simple conferencing system with multiple
microphones.

Nixie Tubes

Nixie tubes create a certain atmosphere. The glow of these small tubes literally exudes a
certain warmth. Nixie tubes also arouse nostalgic feelings for older readers. Not surpris-
ingly Elektor has published several circuits using Nixie tubes. In the May 2011 edition we
explore the world of Nixie tubes, their history, operation and applications, not forgetting
to take a tour of the finest and most unique Nixie project ideas submitted by Elektor read-
ers following a call in our e-weekly newsletter.

VGA Adapter for Microcontrollers

While a small LCD is a common adjunct to many microcontrollers, it may not be a grand
solution when it comes to displaying information. An old monitor with a VGA input is an
excellent alternative. The serial-to-VGA converter described in the May 2011 edition allows
an easy way of putting information on a screen. Although our VGA Adapteris monochrome,
that’s usually not a problem. The circuit is compact and built around a dsPIC30F3011.

Article titles and magazine contents subject to change; please check the Magazine tab on www.elektor.com

Elektor UK/European May 2011 edition: on sale April 21, 2011. Elektor USA May 2011 edition: published April 18, 2011.

Elektor on the web

All magazine articles back to volume 2000 are available online in pdf format. The article summary and parts list (if applicable) can be
instantly viewed to help you positively identify an article. Article related items are also shown, including software downloads, circuit
boards, programmed ICs and corrections and updates if applicable. Complete magazine issues may also be downloaded.

In the Elektor Shop you’ll find all other products sold by the

publishers, like CD-ROMs, DVDs, kits, modules, equipment,
tools and books. A powerful search function allows you to

search for items and references across the entire website.

Also on the Elektor website: e —
e Electronics news and Elektor announcements EE’...‘“." =

e Readers Forum EE:“

e PCB, software and e-magazine downloads E.;..m =
e Time limited offers -
e FAQ, Author Guidelines and Contact E E ...n..:...-
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E Description Price each Qty. Total Order Code
h . . METHOD OF PAYMENT
Design your own Embedded Linux Control Centre Remit in US $ drawn on a US bank. Please
O onaPC $55.70 see next page for ordering information.
Introduction to Control Engineering $44.40 [] Check or Money Order
I I DVD Elektor 2010 m $28.30 [ ] Mastercard
a VISA
DVD Wireless Toolbox [
D Discover
h CD The Power Supply Collection 1 $28.90 [] American Express
ATl e Gl IInnnnnnnnnan
with Electron Tubes $104.90
ARM Microcontrollers 1 $47.60 Expiry date:
Verification code:
I Sub-total
Prices and item descriptions subject to Shipping & Handling S 20.00 Send order form to:
change. The publishers reserve the right to P
change prices without prior notification. (Airmail from Europe) Elektor US
Prices and item descriptions shown here Total paid
supersede those in previous issues. E. & O.E. otal pat PO Box 180
Vernon, CT 06066
USA
Name/Company
Phone: 860-875-2199
s Fax:  860-871-0411
E-mail: sales@elektor.com
www.elektor.com
City/State/Zip Country
E-mail Tel . I t r
ELO3 Date - - Signature

Yes, | want to subscribe
to Elektor US for 1 year”

1 would like:

[] standard Subscription for $39.95 (11 issues)

[] Plus Subscription for $59.95
(11 issues + the Elektor Volume 2011 DVD-ROM +
exclusive access to www.elektor-plus-usa.com)* *

METHOD OF PAYMENT

Remit in US $ drawn on a US bank. Please
see next page for ordering information.

[:l Check or Money Order
I:l Mastercard

[] visa
[:l Discover

I:l American Express

Name/Company Expiry date:

Street & No. Verification code:
Send order form to:

City/State/Zip Country Elektor US

. PO Box 180

Email Tel Vernon, CT 06066
USA

ELO3 Date - - Signature Phone: 860-875-2199

=
—
O
N
-
<7,
ﬁ
e
®,

Fax: 860-871-0411
* Offer available in US and Canada only. Canada please add $11.00 per year for postage. _mail-
** Please note: For a Plus subscription, it’s important that you fill in your email address. This will enable you to have access E-mail: sales@elektor.com

to Elektor-plus.usa.com where you can browse an online Elektor archive exclusively available to Elektor Plus subscribers!!! www.elektor.com




ORDERING INFORMATION

To order contact customer service:

Phone: 860-875-2199

Fax: 860-871-0411

Mail: Elektor US
PO Box 180
Vernon, CT 06066
USA

E-mail: sales@elektor.com

On-line at www.elektor.com

Customer service hours: 8:00 AM-4:30 PM Monday-Thursday. Voice mail available at other times.
When leaving a message please be sure to leave a daytime telephone number where we can return your call.

PLEASE NOTE: While we strive to provide the best possible information in this issue, pricing and availability are subject to change
without notice. To find out about current pricing and stock, please call or email customer service.

COMPONENTS

Components for projects appearing in Elektor are usually available from certain advertisers in the magazine. If difficulties in obtaining
components are suspected, a source will normally be identified in the article. Please note, however, that the source(s) given is (are)
not exclusive.

PAYMENT

Orders must be prepaid. We accept checks or money orders (in US $ drawn on a US bank only), VISA, Mastercard, Discover, and
American Express credit cards. We do not accept C.0.D. orders.
We also accept wire transfers. Add $20 to cover fees charged for these transfers.

TERMS OF BUSINESS

Shipping Note: All orders will be shipped from Europe. Please allow 3-4 weeks for delivery. Shipping and handling via airmail:

US $20.00 per order. Returns Damaged or miss-shipped goods may be returned for replacement or refund. All returns must have an
RA #. Call or email customer service to receive an RA# before returning the merchandise and be sure to put the RA# on the outside of
the package. Please save shipping materials for possible carrier inspection. Requests for RA# must be received 30 days from invoice.
Patents Patent protection may exist with respect to circuits, devices, components, and items described in our books and magazines.
Elektor accepts no responsibility or liability for failing to identify such patent or other protection. Copyright All drawing, photo-
graphs, articles, printed circuit boards, programmed integrated circuits, diskettes, and software carriers published in our books and
magazines (other than in third-party advertisements) are copyrighted and may not be reproduced (or stored in any sort of retrieval
system) without written permission from Elektor. Notwithstanding, printed circuit boards may be produced for private and personal
use without prior permission. Limitation of liability Elektor shall not be liable in contract, tort, or otherwise, for any loss or damage
suffered by the purchaser whatsoever or howsoever arising out of, or in connection with, the supply of goods or services by Elektor other
than to supply goods as described or, at the option of Elektor, to refund the purchaser any money paid with respect to the goods.

SUBSCRIPTIONS (US & CANADA ONLY)

Subscription rates (1 Yr.)

Standard Subscription: $39.95
Plus Subscription: $59.95

Canada add $11 per year for postage

All subscriptions begin with the current issue. Expect 3-4 weeks for receipt of
the first issue. Subscriptions, renewals, and change of address should be sent to:

Elektor US

PO Box 180
Vernon, CT 06066
USA

E-mail: sales@elektor.com

Order subscriptions on-line at www.elektor.com/[subs

Subscriptions may be paid for by check or money order (in US $ drawn on a
US bank only). We accept Mastercard, VISA, Discover and American Express
credit cards.

For gift subscriptions, please include gift recipient’s name and address as well

as your own, with remittance. A gift card will be sent on request.
Subscriptions may be cancelled at any time for a refund of all unmailed issues.

Does your subscription expire soon?
Renew it online at www.elektor.com/renew



dsPIG/PIG24-Bundle

Advantageous hardware/software solution for rapid project development

This solution is perfect for anyone wanting to
develop systems based around Microchip’s
powerful 16 bit core products. The pack is
supplied with a dsPIC30F2011 device, and is
fully compatible with the full range of E-block
boards and accessories. Datasheets on each
individual item are available separately.

FLOWCODE ]

" "tor dePIC & PICR4"
Atatarroutara

Contents:
* Flowcode 4 for dsPIC/PIC24 (Professional Version)
» USB dsPIC/PIC24 Microcontroller Multiprogrammer

¢ LCD Board

* LED Board

* Switch Board Bundle Price:
* Plug top power supply

- USB cable Only US $482.30

15% DISCOUNT to the

sum of the individual parts!

Order now at www.elektor.com/dspic-bundle
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MikroElektronika is the first ca C'@ mmunlty

manufacturer in the world to br

microcontrollers to both beginner

professionals. Choose between ,
programming language.

If you need more power, just switch over . :

from PIC or dsPIC to PIC32 easily. We have compiler development. I_t I5a

been carefully planing backward portal for PIC32 freaks I|.ke us,

compatibility for \ and a pl_ace to share projects,

so you will be able to literally copy-paste suggestions, meet talented

your existing codes and build them with people and seek their assistance. IS o

just a few adjustments. Our developers are waiting for tt.) get _

you to challenge them with your discount on compilers.

ideas. Together we can build

g better compilers. GETIT NOW

EN DEVELOPMENTTOOLS COMPILERS BOOKS http://www.pic32compilers.com www.mikroe.com

Our community website offers
you the possibility to directly

participate in discussions and

trace the path of the future




