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NetBurner MOD5234 Ethernet Core Module Features
INDUSTRIAL TEMPERATURE RANGE
| -40°C to +85°C

PERFORMANCE AND MEMORY
| 32-Bit CPU | Freescale ColdFire MCF5234 147 Mhz
| 2MB Flash Memory | 8MIB SDRAM

DEVICE CONNECTIVITY
| 10/100 Ethernet | 3 UARTs | 16-channel eTPU | I)C | SPI | CAN

4 al /0 it Data B D/MM z z
Customize with NetBurner’s Royalty-free Software Suite 23 ||k o
DEVELOPMENT SOFTWARE £ v\l e
| NB Eclipse IDE | Graphical Debugger | Deployment Tools | Examples A o0
COMMUNICATION SOFTWARE #4000 000000000¢

| TCP/IP Stack | HTTP Web Server | FTP | E-Mail | PPP | Flash File System

2.0” !

All hardware and software is included with the

NetBurner MOD5234 Development Kit for only $299!

The Development Kit features NetBurner’s Eclipse, an enterprise level professional
IDE that provides editing, downloading and debugging in one environment.

Order the MOD5234 Development Kit: Product No. NNDK-MOD5234-KIT

. Product No. | MOD5234-100IR

<,
Information and Sales | sales@netburner.com > .
etBurner Web | www.netburner.com freescale

KBRS T B G Telephone | 1-800-695-6828 Alliance Member
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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@uwiznettechnology.com TECHNOLOGY
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Embedded Systems

High-End Performance TS-7800
with Embedded Ruggedness 500 MHz ARM9

Unbrickable Low power - aw@sv  $2 29
. 1
design 128MB DDR RAM ary 2o

512MB high-speed $269

(17MB/sec) onboard Flash gty 1
12K LUT customizable FPGA
3?/°§Z,iona| 5 : : S Internal PCI Bus, PC/104 connector
50 Coret 2 host USB 2.0 480 Mbps
N Gigabit ethernet » 2 SD sockets
3x faster L O T ) 10 serial ports » 110 GPIO
angibac e : ' 5 ADC (10-bit) ~ 2 SATA ports
compatible with TS-72xx :
Sleep mode uses 200 microamps

Boots Linux 2.6 in 0.7 seconds
Linux 2.6 and Debian by default

TS-TPC-7390
7" Color Touch Panel Computer _ 3 i

Low Power, Industrial Quality Design
Mountable aluminum frame

200 MHz ARM9

64MB SDRAM (128MB opt)

512MB Flash w/ Debian Linux

800 x 480 video core

Dedicated framebuffer- SMB RAM
Audio codec with speaker

Boots Linux 2.6 in less than 2 seconds

Unbrickable, boots from SD or NAND

Runs X Windows GUI applications

Runs Eclipse IDE out-of-the-box More Touch Panel Computers on our website

A Over 25 years in business A Custom configurations and designs w/

& Open Source Vision excellent pricing and turn-around time
& Never discontinued a product

A Most products stocked and available
A Engineers on Tech Support for next day shipping

Design your solution with one of our engineers (480) 837-5200




New Products

TS-WIFIBOX-2
A Complete Solution for 802.11g WiFi Applications

Low power (3.2 watts), fanless

Power via 5-12 VDC, USB, PoE (opt.)

64MB DDR-RAM

256MB ultra-reliable XNAND drive

Micro-SD Card slot

RS-232, RS-485, CAN, RTC

Header with SPI and 11 DIO

480Mbit/s USB, Ethernet, PoE option

Boots Linux 2.6.24 in < 3 seconds

Un-brickable, boots from SD or flash Ideal for gateway or firewall, protocol
Customizable FPGA - 5K LUT converter, web server, WiFi audio, and
Optional DIN mountable enclosure unattended remote applications

series

starts at TS-SOCKET Macrocontrollers

$ 92 Jump Start Your Embedded System Design
gty 100

TS-SOCKET Macrocontrollers are CPU core modules that
securely connect to a baseboard using the TS-SOCKET
connector standard. COTS baseboards are available or
design a baseboard for a custom solution with drastically
reduced design time and complexity. Start your embedded
system around a TS-SOCKET Macrocontroller to reduce
your overall project risk and accelerate time to market.

55mm/2.165 in.

JE00 J0KH;

75mm/2.953in. Current projects include:

TS-4200: Atmel ARM9 with super low power
TS-4300: Cavium ARM11 with dual 600 MHz and FPU
= Dual 100-pin connectors TS-4500: Cavium ARMS at very low cost

» Secure connection w/ mounting holes TS-4700: Marvell PXA168 with video and 1.2 GHz CPU
= Common pin-out interface TS-4800: Freescale iMX515 with video and 800 MHz CPU

= Low profile w/ 6mm spacing Several COTS baseboards for evaluation & development

A
22 Technologic
A Systems

We use our stuff.

Visit our TS-7800 powered website at
www.embeddedARM.com
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Inside Embedded Tech

M’m proud to announce that this issue features a new
columnist. If you’ve been reading Circuit Cellar for the last
few years, you're quite familiar with Richard Wotiz, who
has won several international design challenges and then
published insightful articles about his projects. Like Robert
Lacoste before him, Richard
4 iMCU Design O\ impressed Circuit Cellar
staffers with his innovative
projects and ability to write
about complex engineering

in clear, concise articles.
After Richard placed
first in both the 2010
WIZnet iMCU Design
Challenge and the 2010
Texas Instruments
DesignStellaris Challenge,
we just had to ask him to
join our group of internally

respected columnists.
Richard’s column, titled

“Embedded Unveiled,” will

appear every other month. In it, he’ll help you investigate how

\_ DesignStellaris Project J

electronics and embedded technologies work in real-world
applications. Turn to page 56 for Richard’s first column,
“Linear Positioners,” in which explores linear positioners and
media drives in particular.

This issue’s other authors are looking inside embedded
technology, as well as covering various fundamental engineer-
ing topics. Let’s start from the beginning.

On page 18, George Novacek highlights the importance of
following proper electrical engineering practices. Both students
and professionals will find his tips useful.

Testing matters. Flip to page 22 where Larry Foltzer explains
how to build a digital sweep-frequency generator and a digital
reference-frequency generator.

If this issue’s “data acquisition” theme piques your interest,
we have three excellent articles for you. One describes a battery
analysis design, one is about a virtual dashboard project, and
one covers how to use a linear sensor array.

Battery ratings can be inaccurate. If you frequently use li-ion
batteries, implementing a design like Richard Pierce’s MCU-
based analyzer is a smart idea (p 34). On page 42, Robin Brophy
explains how to construct the eDASH virtual dashboard, which
can gather vehicle data such as speed, fuel economy, and trou-
ble codes. On page 62, Jeff Bachiochi covers linear sensor array
technology and explains how data is gathered and processed.

Lastly, we come to software design. All hardware would be
useless without good software. George Martin tackles the

topic of software development on page 50. C)

cj@circuitcellar.com
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TWO POWERFUL BRANDS TOGETHER

ONE POWER-PACKED

\We are thrilled to announce the coming together of element14 and Newark into one powerful entity—the all-new element14.
We will continue to provide the great products and personal service we're known for, plus a significant new product
expansion, and much more. The vision is a single destination that offers an unprecedented range of technical data, innovative
tools and services, meaningful community and expert engagement, and the best component shopping experience ever.

Learn more about our combined vision at www.newark.com/together
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QUAD-INDEPENDENT RESISTOR NETWORKS

The LT5400 is a family of precision matched resistors designed for high-performance signal conditioning applications in differ-
ence amplifiers, precision dividers, references, and bridge circuits. Three resistor network options are available with resistor
ratios of 1:1 and 10:1, quad 10-KQ resistors, quad 100-KQ resistors, and dual 10-KQ /dual 100-KQ resistors. Each LT5400 has
guaranteed matching of 0.01% from —40° to 85°C, and 0.0125% from —40° to 125°C. The LT5400 matching is enhanced with
“matching for CMRR,” a new metric that guarantees CMRR performance when configured in a difference amplifier circuit. The
LT5400 matching for CMRR is only 0.005%.

The small LT5400 MSOP package minimizes thermal gradi-
ents and ensures consistent conditions over time and tem- "'*"MMM
perature for all four resistors. Since the LT5400 is based on
conventional silicon fabrication and assembly, it is relatively
insensitive to shock, vibration, humidity, and temperature
extremes. The resistor features a high temperature option
that is specified from —=55° to 150°C. The LT5400 is well suit-
ed for instrumentation and test equipment in heavy industrial, +
military, and automotive environments.

Prices start at $3.49 for 1,000-piece quantities.

2
Linear Technology Corp. L7Lalm s S Xory

www.linear.com

STEP UP LED DRIVERS

The AMLB-Z line of step up DU/DC LED drivers in a 2” x 1” package incorporates all the functionality and specifications
required by demanding luminary applications. The AMLB-Z offers a wide (4:1) input range of 9 to 36 VDC
that steps up to an output voltage range of 14 to 48 VDC and produces constant output currents
ranging from 150 to 700 mA. Ripple and noise as low 350 mVpp eliminates the need for
additional components.

The RoHS-compliant modular solutions feature a remote On/Off function, continuous
short-circuit protection, and adjustable PWM and analog dimming functions to ensure the
consistent and constant brightness of the LEDs driven.

Pricing for the AMLB-Z series of DU/DC LED drivers starts at $13.73.

Aimtec
www.aimtec.com

MSP430s AS LOW-COST PROGRAMMABLE METROLOGY DEVICES

The MSP430AFE2xx is a series of metrology analog front-end (AFE) ultra-low-power 16-bit microcontrollers. The low-cost
MSP430AFE series offers programmable single-phase metrology devices supported with multiple communication interfaces.
The microcontrollers enable system partitioning in metering applications, such as electricity meters, home automation, sub-
metering, and energy-saving systems, which provide flexible, standalone, high-quality measurement. The MSP430AFE series is
based on a 16-bit RISC architecture with a system frequency of 12 MHz, providing high speed for increased functionality. The
microcontroller achieves less than 0.1% error in energy accuracy over a wide range of 2400:1, enabled by three independent
24-bit sigma-delta converters to support antitamper.

The MSP430AFE2xx series is also supported by multiple tools, demos, and EVMs to
provide several options for developers to begin evaluation and quickly move to produc-
tion. The RF-capable MSP430 Energy Watchdog demo displays the electricity consump-
tion of any plug-in appliance on an LCD, which enables users to manage energy usage
and cost savings. The programmable MSP430AFE EVM can be used to test the new
MSP430AFE2xx as a calibrated electricity meter. Additionally, the MSP-TS430PW24
target board and MSP-FET430024 flash-emulation tool can be used to program and
debug the MSP430AFE devices.

The MSP430AFE2xx microcontrollers cost $0.80 for 1,000 units. The MSP-TS430PW24
standalone target board costs $75, and the MSP-FET4300U24 flash-emulation tool,
including software and target board, costs $149.

Texas Instruments, Inc.
www.ti.com

EW PRODUCT NEWS

CIRCUIT CELLAR® = www.circuitcellar.com
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6 Online Quote!
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and click on
‘Online Turnkey Quote’. <
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ULTRA-LOW-POWER WIRELESS IEEE 802.11.g SENSOR FAMILY

This series of ultra-low-power WI-Fi Sensors con-
sists of temperature, humidity, thermistor, RTD,
pulse counter, and analog input modules with inte-
grated IEEE 802.11.g radios supporting WEP 128
and WPAZ2 security. The wireless sensors are
designed to leverage the proliferation of 802.11
infrastructures in healthcare, education, foodservice,
and industrial facilities.

All products include onboard data logging in non-
volatile memory as a backup to network outages.
Local audible and visual alarms alert personal of
problems at the point of measurement and via the
Wi-Fi network.

The sensors are designed to work with industry
standard 802.11 access points for easy installation.
This capability eliminates the need for repeaters,
controllers, and coordinators typically needed for = >
most wireless implementation. The 802.11 intedra- 0 i : () WiFi
tion strategy reduces installation and ongoing main-
tenance costs associated with the usual overlay
strategy of installing a wireless network where one
already exists.

Pricing for the sensors starts at $300.

Temperature

Point Six Wireless, LLC
www.pointsix.com

LOW-PROFILE RF MICRO COAXIAL CONNECTOR SERIES

The J5C series of low-profile RF micro coaxial connectors has a maximum profile of 1 mm. The connectors are designed for
high-tech wireless products including tablets, smartphones, e-books, and other mobile devices. The low-profile is made possi-
ble through advanced manufacturing techniques used for both the board-mounted connector and the micro coaxial cable.

The JSC series comprises a board-
mounted receptacle (MM5829-2700) that
connects with a RF cable (MXJAO1XxxxxX)
that has a diameter of 0.81 mm. The
receptacle measures 2 mm x 1.8 mm x
0.5 mm. The combined height of both
the receptacle and cable plug is 1 mm,
maximum. The connectors are designed
to withstand up to 30 mating cycles and
emit an audible click upon connection.
The connector and cable structure are
optimized to ensure RF performance up
to 12 GHz. The RF performance has a
voltage standing wave ratio (VSWR) of
1.3 GHz up to 3 GHz, 1.4 GHz maximum
between 3 and 6 GHz, 1.5 GQHz maximum
between 6 and 9 GHz, and 1.6 GHz maxi-
mum between 9 and 12 GHz. Multiple
cable configurations are available to pro-
vide flexibility and options for designers.

The J5C receptacle costs $0.25.

Murata Electronics North America
www.murata-northamerica.com

NPN

CIRCUIT CELLAR® = www.circuitcellar.com
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ABSOLUTE FIBER OPTIC POSITION SENSOR

The MR330 is an absolute fiber optic position sensor (FOPS) with an all-optical design immune to any electromagnetic inter-
ference or harsh environmental conditions, such as lightening, radiation, and magnetic fields. The fiber optic aspect of the
sensor also makes it well suited for long-distance position sensing over hundreds of meters without being affected by ground
loop problems.

The new absolute FOPS uses an optical technique embedded in a passive sensor and an active controller connected by a
duplex fiber optic link. The controller transmits a burst of light to the code
disk in the sensor that accurately modulates the spectral components of the
light based on angular position. The position information is imprinted in the
optical spectrum of the light and guided back to the controller for precise
position readout. The sensor requires no electrical power and houses no
electronic components.

The MR330 measures absolute angular positioning from 0° to 360° with
13-bit (8,192 count) resolution at speeds exceeding 2,500 RPM. A complete
system includes the MR332 passive sensor and the MR330 controller, which
interconnect via a duplex fiber optic link. The fiber cable used is readily avail-
able industry standard 62.5/125 pm multimode fiber with duplex LC connec-
tions. The MR330-1 S5I controller offers SSI, USB, RS-485 Serial, Modbus
RTU, two analog outputs (four to 20 mA and +10 V) and two digital setpoints.

Unit pricing for a complete MR330 controller/MR332 sensor system starts
at $5,790.

Micronor, Inc.
WWW.micronor.com

EXPANDED PORTFOLIO OF 5-GHZ WI-FI FRONT-END MODULES
The RF3506 and the RF3516 are 5-GHz Wi-Fi front-end modules (FEMs) with integrated
power amplifiers (PAs). The modules deliver high power and high linearity and are optimized

RF5506 J RF5516 for the growing smartphone and tablet markets.

The high-power, high-linearity modules deliver high levels of integration in small pack-
age sizes. RFMD offers a broad portfolio of integrated FEMs that include the PA, the
switch, filtering, baluns, and an optional low-noise amplifier (LNA) for both single-band
(2.4 GHz or 5 GHz) and dual-band (2.4 GHz or 5 GHz) operation.

The RF5506 and RF5516 cost $2.22 in 100-piece quantities.

RFMD & § RFMD &

RF Micro Devices, Inc.
www.rfmd.com

HIGH-DENSITY SIMULTANEOUS USB DAQ MODULE

The DT9826 multifunction data acquisition (DAQ) module for USB com-
bines high-performance, 24-bit analog measurement, digital I/O,
counter/timers, and a tachometer channel onto a single plug-and-play
device. The module is available as a board-level OEM for embedded test
applications, or it can be installed in a metal BNC connection box for sensor
connections.

Key design features include throughput rates of up to 41.6 ksps per
channel and simultaneous operation of analog input, digital I/O,
counter/timer, and tachometer subsystems at total throughput rates of
more than 830 ksps. The module offers 16 simultaneous analog input
channels, 16 digital I/O lines, two 32-bit counter/timer channels, one 32-bit
tachometer input channel, and a 24-bit Sigma-Delta ADC per channel. The
digital inputs and the two 32-bit counters can be read using the A/D sub-
system and the A/D clock to synchronize digital inputs and counter timers
with the analog measurements.

The unit is powered through the USB connection and offers a £500-V galvanic Data Translation, Inc.
isolation barrier that prevents ground loops to maximize analog signal integrity www.datatranslation.com
and protect computers.

Pricing for the DT9826 starts at $1,295 for OEM quantities.

CIRCUIT CELLAR® = www.circuitcellar.com
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FULLY SUBMERSIBLE SHAFT SEAL & STATOR TEMPERATURE MONITOR & RELAY

The SPM series is a dual-function alarm and relay designed to monitor the shaft seal and stator temperature of a sub-
mersible pump motor. The series also provides early detection warning of machinery failure to reduce downtime and
maintenance costs.

The SPM series is designed to operate from a 120-VAC supply voltage, with reliable operation over 10 million continuous
duty cycles. The series detects leaks with a resistive float switch or a pair of conductive probes
installed in the seal cavity. Over temperature is detected by a normally closed, low-temperature
switch that is mounted on the stator, with LEDs
that indicate “normal,” “leak,” and “over tem-
perature” condition values. The SPM series
also uses a bistable relay that can retain
its position during power failures or energy
surges. The relay automatically resets fol-
lowing leakage detection. Sensor voltage is
12 VDC at 50 to 60 Hz. Units are UL listed
and include a 10-year comprehensive
product warranty.

Pricing for the SPM series ranges
from $78 to $138.

Marsh Bellofram Corp.
www.marshbellofram.com

Easy Embedded Linux

0IIIIIIfIﬂ$Il

16MB FLASH / 32MB RAM

 PICKANDSLACE P e R
SYSTEM ¥

16 Digital 1/0

: Watchdog
Audio P T
In/Out & 10/100 Ethernet
2UsSB —
2 Serial Ports Battery backed Clock /Calendar

wi with y \
Omanlash ahead of the compelltlon.

Call 530-297-6073 Email sales@jkmicro.com
www.jkmicro.com

‘| | | | | JABACOM e JK microsystems, Inc.

TECHNOLOGIES

International Orders Welcome %

-
usa

www.abacom-tech.com MADE IN

www.circuitcellar.com = CIRCUIT CELLAR®

September 2011 — lssue 954

=\
w


http://www.marshbellofram.com
http://www.circuitcellar.com
http://www.abacom-tech.com
http://www.jkmicro.com

~<
el
N
9)
=
7
7
—
|
—
—
=]
N
=
-
g
o
=
=
o
w

TOUCHSCREEN VISION SENSORS DELIVER ETHERNET CONNECTIVITY

The iMu Plus family of touchscreen vision sensors features Ethernet connectivity. This new feature lets iVu Plus sensors share
inspection data directly with PLCs, PCs, or other factory devices. The iVu Plus can store up to 30 inspections, accoommodating rapid
product changeover. Some models feature a Sort Sensor function that facilitates sorting up to 10 patterns in a single inspection.

Inspection setup is simple: configuration is accomplished through a menu-driven user interface, with no PC required. The iVu Plus
family includes intedrated touchscreen TG and barcode reader (BCR) models, as well as remote versions of both. Integrated iVu
Plus sensors enable users to quickly set up and modify an inspection on-site. Remote versions pair a remote touchscreen display
with one or more separate sensors, which facilitates inspection setup and monitors
for areas that are difficult to access.

Each iVu Plus model is housed in an IEC IP67-rated enclosure, making the sen-
sors rugdged and versatile to suit a broad range of application environments.
Cameras acquire up to 100 frames per second, and each sensor includes an
integrated ring light available in red, green, blue, white, or infrared. With USB 2.0
output, users can save and load configuration data to expedite inspection setup.
Additionally, with the sensor emulator users can modify an inspection offline,
which reduces costly downtime.

Contact Banner Engineering for pricing.

Banner Engineering Corp.
www.bannerengineering.com

ROTARY INDUCTIVE SENSOR FOR OUTDOOR APPLICATIONS

TURCK’s new line of Rotary Inductive Analog Sensors provides 360-degree angular meas-
urement. Instead of using a traditional magnetic positioning element, the rotary inductive
sensors use a resistance-inductive capacitance (RLC) measuring technology, which delivers
complete immunity to EMC interference.

The sensors are IP67-rated, with a temperature range of —40 to 70°C. They are well suited
for measuring the angle of solar panels, wind turbine blade position, crane position, and
other outdoor applications. The sensors and their positioning elements are designed as sep-
arate pieces, which enables the positioning element to be mounted in a variety of unique
ways (for example, directly onto a rotating shaft) without enduring the wear common to
these types of sensors.

Contact TURCK for pricing.

TURCK, Inc.
www.turck.us

COMPREHENSIVE, EASY-TO-USE DFM SOFTWARE

— = DFM Now! enables PCB designers and engineers to verify that their Gerber and drill
A e e rparm e e files are ready for PCB manufacturing.
s—mt i g Featuring an intelligent GUI for improved speed, usability, and reliability, the soft-

ware enables PCB manufacturers to instantly reach PCB designers and engineers
before they send their Gerber/drill files out for manufacturing. It provides DFM Now!
users with the ability to easily submit PCB designs for quotes and order placement.
It also boosts CAM productivity by receiving intelligent, “ready-to-go” design data
that has already passed all DFM checks and meets specific manufacturing capabili-
ties.

DFM Mow! is completely independent and not aligned with any one manufacturer,
so there is no hidden push to force designers to use a specific manufacturer. The software was designed to be an open-
market system for the PCB industry, so any company can advertise inside DFM Now! free of charge.

DFM Mowl! is available for free download at www.dfmnow.com.

R e R e swire  one g Numerica

Numerical Innovations
www.numericalinnovations.com
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HIGH-PERFORMANCE BGA SOCKET

The 5G-BGA-6346 socket is a high-performance BGA socket for 1-mm pitch, 616-pin BGA ICs. The socket is designed
for 27 x 27 mm packade size and operates at bandwidths up to 8 GHz with less than 1 dB of insertion loss. The sockets
are designed to dissipate 4.5 W with passive heat sinking (natural con-
vection) and can handle up to 40 W with active heat sinking (DC fan on
top of heatsink). The contact resistance is typically 20 milliohms per pin.
The socket connects all pins with 8-GHz bandwidth on all connections.
The socket is mounted on the target PCB with no soldering and uses a
small footprint. It is constructed with a shoulder screw and a swivel lid
which incorporates a quick insertion method so that ICs can be quickly
changed out.

The 5Q-BGQA-6346 socket is constructed with high-performance and low-
inductance elastomer contactor. The temperature range is —-35°C to 100°C.
The pin self inductance is 0.15 nH with mutual inductance of 0.025 nH.
Capacitance to ground is 0.01 pF. Current capacity is 2 amps per pin. The
socket works with ICs such as ST Micro FPBGA, 27 x 27 mm with 26 x 26
array and 1-mm pitch.

Pricing for the SG-BGA-6346 starts at $807.

Ironwood Electronics
www.ironwoodelectronics.com

LDO LINEAR VOLTAGE REGULATORS FOR AUTOMOTIVE APPLICATIONS

ON Semiconductor recently introduced five very-low and ultra-low-dropout (LDO) linear voltage regulators for a range of
automotive applications, such as rear camera modules, instrument clusters, and body and chassis. These devices deliver
150 mA of output current in space-saving intedrated solutions that meet the lat-
est requirements from car manufacturers for low-quiescent currents when the
ignition is switched off.

The NQV8667 is a very-low-Ig regulator with enable, reset, and early warning. The
NCV8668 is a very-low-Iq regulator featuring window watchdog and enable and
reset. The NCV8669 is another very-low-Iq regulator with reset, delay, and early
warning. The NCV8768 is an ultra-low-Iq regulator with reset, delay, and early warn-
ing. And, the NCV8769 ultra-low-Iq regulator features reset and early warning.

The MCV8768 and NCV8769 regulators feature typical quiescent currents of 31 pA
and 25 pA respectively, making them suitable for applications permanently connect-
ed to the battery. The NCV8768 features an Enable function that further decreases
the quiescent current to 1 pA, and reverse output current protection. Both devices
include current limit and thermal shutdown features.

The NCV8668 features quiescent current of 38 YA and an integrated window
watchdog (dual-sided detection) that enables the detection of microprocessor
malfunctions. The device features quiescent current of 38 pA, delivers extremely
stable performance, and requires a minimal number of external components to
reduce overall solution costs and save board space. Other features of the
NCV8668 include reset, a programmable delay time, and an Enable function.

The NCV8667 and NCV8669 regulators are identical, except the NCV8667 includes an Enable pin. With a user-adjustable
early warning threshold option, the Iq of the devices is lowered to 28 pA typical. The devices provide replacements for ON
Semiconductor’'s NCV4269(A) in applications where very-low-quiescent current is a requirement. Both specify a quiescent
current of just 42 pA typical. With built-in reset, delay, and early warning functions, the NCV8667 and NCV8669 offer an
integrated solution for a range of voltage monitoring tasks.

All five new parts are AEC Q100-qualified and Production Part Approval Process (PPAP) capable. NCV/8768 and NCV8769 are
offered in Pb-free, RoHS-compliant, SOIC-14 packages; they cost $1.16 to $1.32 per unit in 2,500-unit quantities. NCV8667,
NCV8668, and NCV8669 are offered in Pb-free, RoHS-compliant, SOIC-8 and SOIC-14 packages; they cost $0.82 to $1.20 per
unit in 2,500-unit quantities.

ON Semiconductor
www.onsemi.com
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Problem 1—Why do manufacturers specify setup and hold
times for flip-flops?

/ / /
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What’s your EQ? The answers are posted at

www.circuitcellar.com/eq/
You may contact the quizmasters at eq@circuitcellar.com

TGSIZ YOHI‘_

Problem 2—Wwhat is the fundamental
principle at work in metastability?

Problem 3—Can a metastable state
persist in a flip-flop for more than one
clock period?

Problem 4—Wwhat does the term
“plesiochronous” mean?

Contributed by David Tweed

AXIDM

IVIANUFAETLIRINE:

For over 18 years, Axiom Manufacturing has offered
high quality/low cost embedded controller products,
development tools, and custom design services.

We are excited to announce several new products
based on the Freescale MCF52259 and MCF54451
Coldfire Microcontrollers.

These feature rich, small form factor boards, are ideal
for embedded applications and product development
in a wide variety of applications.

* Industrial Control - Industrial Networking
+ Medical Devices -« Lighting Controls
+ Security Panels  + Human/Mach. Interface

1226 Exchange Dr., Richardson, TX, 75081
972-437-3737 www.axman.com

Designed a
Brand New Device?

Learn to search online databases
to see if your device is cutting edge
and may be eligible for a patent
by using this new instructional DVD!

- MIDWEST PATENT SERVICES, LLC

-

& .
SEarg
AL -

Complete A to Z Guide to
Performing A Patent Search

MIDWEST PATENT SERVICES

info@midwestpatentservices.com
www.midwestpatentservices.com
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Our new autorouter will
into this...

turn this...
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in less than 5 minutes!

All levels of the Proteus Design Suite now include a world class
fully integrated shape based autorouter at no additional cost.

The Proteus Design Suite also incorporates:

Professional schematic capture
Publication quality schematics

Fully configurable bill of materials
Large component libraries for both
simulation and PCB layout

Mixed mode SPICE circuit simulation
Co-simulation of PIC, AVR, 8051 and
ARM?7 microcontroller firmware

m Automatic component placement and
gateswap optimization

Prices start from just $249 - visit our website for

full details or to download a free demo.

Iahcenter/ v v \www.lahcenter.cnm

Electronics

Highly configurable design rules
Interactive design rule checking
Polygonal and split power planes
RS274X, Excellon and ODB++
database export
3D Viewer with 3DS, IDF - »
and DXF export ,gne™ &
) iy
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Labcenter Electronics Ltd. 411 Queen St. Suite 201, Newmarket, Ontario, Canada
Toll Free 866.499.8184, www.labcenter. com or Email: info@labcenter-electronics.com *exc. tax & delivery
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IHE CONSUMMATE ]ENGINE]ER by George Novacek (Canada)

Smart Project Management

Professional-level system specifications are imperative to any design project.
Having project specifications in place before development saves time, cost,
and effort. Here you learn why leaving things “to be determined” can lead to

disaster.

n my columns, I have mentioned many

times how important it is to have a thor-
ough, well-understood system specification
before starting any actual development. This
time, I shall illustrate my point by demon-
strating a real-life example of what can happen
when this sound engineering principle is
ignored. The case in point is a relatively
straightforward motion control system that,
because of untimely specification develop-
ment, became an engineering nightmare. The
system engineers, probably under the guise of
concurrent engineering, issued an incomplete
specification leaving many details “to be
determined” (TBD) later. While this is a com-
mon practice, one detail, which ended up hav-
ing a serious negative impact on the project,
was left TBD.

EE CASE STUDY

Figure 1 depicts a hydro-mechanical system
used to steer the nosewheel of an aircraft. It is
a mechanical engineer’s version of a schematic
electronics engineers are familiar with. The
disc shown as being rotated by the two actua-
tors in a push/pull manner is a collar to which
a strut holding the nosewheel is attached. As
the collar turns, the nosewheel is steered in the
desired direction. The shaded part of the dia-
gram contains the electro-hydraulic servo
valve (EHSV) we discussed last month, plus
valves, pressure sensors, and other hydraulic
bits and pieces we do not have to be concerned
about at this time. Often, all these parts are
installed in a solid chunk of aluminum with

ZPS,Q.,%/ 7/ P8
i

e % % .

%/H /valve% orif i/é%’[l
le = v
|l

154°

Figure 1—Example of a hydraulic steering system. Note
the location of the actuator links at 120°, which is
needed to maintain the required torque through the
entire steering range.

drilled channels for the fluid. Such a single
part is referred to as a manifold. It is conven-
ient to work with, but there is no reason why
the hydraulic components couldn’t be sepa-
rately installed.

Figure 1 is a classic nosewheel steering
design going back to the days when the steer-
ing was manually controlled through the

CIRCUIT CELLAR® = www.circuitcellar.com
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HOLTEK

‘www.holtek.com

All In One

Ultra Low Power Consumption - Highly Functionally Integrated
Flash MCU Solutions

e Holtek Flash MCU re mpe > range of peripheral functions making
them suitable for use in a diverse apphcaﬂan area such as health care praducts instrumentation
products, household appliances, industrial control, consumer products, automotive peripheral products
to name but a few. With one range types also including Holtek's unique TinyPower™ technology, the
ability is provided to meet the demands of today's environmentally conscious products.

© HTBe8Fxx Internal Multi-function Timer Modules. Internal oscillators with four frequency selections.
Multi-function 1/O pins with re-mapping function. 4 LCD SCOM outputs for direct driving of
LCD panels. Multiple Communication Interfaces.

 HTB6Fxx Includes all the HT68Fxx functions with an additional 12-bit ADC and internal reference
voltage source.

 HT67Fxx Includes all the HT66Fxx functions but also uses Holtek’s TinyPower ultra low power
technology and also includes an internal R-type/C-type LCD driver. Also includes dual SPI
or I12C interfaces which can be used simultaneously as well as internal Data EEPROM.

STD Flash MCU HT66/67/68Fxx Series

© Wide Operating Voltage Range: 2.2V~5.5V
_ Multiple Low-power Operating Modes

' Fast Wake-up Function

© Industrial Specifications: -40°C ~ +85°C

_ Multiple External Communication Interfaces
© Internal Accurate High/Low Speed Oscillators

© High Noise Immunity and Excellent ESD
protection

Touch Flash MCU STD Flash MCU STD 8051 FlashMCU | USB STD Flash MCU 32bit MCU Enhanced OTP MCU
TinyPower™ MCU UART MCU PhoneMCU |  EEPROM |  WLED Backlight
Holtek Semiconductor (USA), Inc.

46729 Fremont Blvd., Fremont, CA 94538 Tel: (510)252-9880 Fax: (510)252-9885
E-mail: sales@holtek.com http://www.holtek.com

HOLTEK SEMICONDUCTOR INC,
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6.0000"

5.0000"

4.0000" A

3.0000"

2.0000”

Piston stroke [inches]

1.0000" A

0.0000"

—— Stroke left
—— Stroke right

—1.0000"

—77°

—2.0000"

0° +77°

Turn angle

Figure 2—Piston stroke versus turn angle

engagement of control valves. Dual
redundancy of the collar rotation was
a fundamental requirement. Thus,
there are two actuators and two
mechanical links to the collar. The
system engineers decided to use this
time-proven design for a new, elec-
tronically controlled version and, for
this reason, added two feedback posi-
tion sensors. As the actuators rotat-
ing the collar pivot, the position feed-
back signal can be acquired by meas-
uring the pivot angle with rotary
variable differential transformers
(RVDTs). Alternatively, the stroke of
the piston links can be measured by
linear variable differential transform-
ers (LVDTs). Measuring the rotation
of the collar itself will not work, as it
defeats the redundancy requirements.
More on RVDT and LVDT operation
can be found in my column, “Accu-
rate Linear Measurements Using
LVTs” (Circuit Cellar 106, 1999).
The collar must turn +77°, 154° in
total, and a mechanical fault, such as
a broken link, must be immediately
detectable. In principle, it is accom-
plished by comparing position meas-
urement of one actuator to the other,
as they are in a defined relationship.
The specification then states that the
designer of the controller has to do
two things. First, use the feedback

data from the position sensors to gen-
erate an error signal to drive the
EHSYV for closed-loop control. Second,
compare data from one sensor with
the data acquired from the other sen-
sor, and, if the expected values don’t
match, declare a fault and shut off
the hydraulic power. This does not
differ from countless other motion-
control systems and didn’t cause any
concern to the electronics designers
of this system either. But when the
system designers eventually replaced
the TBD by the feedback data rela-
tionship to the nosewheel rotation
angle (see Figure 2) and the system
geometry sketch (see Figure 1), we
realized we had a problem.

The piston stroke versus turn
angle relationship is not linear. Even
worse, each side has an inversion
point around -25° which gives it a
useable range of about —20° to 85°.
You can envision from Figure 1 how
the collar needs to be pushed and
pulled to achieve the desired angular
turn range. The curves are mirror
images of each other, but opposite in
polarity. This means neither sensor
can be used for steering control over
the full range; both position sensors
must be used. Electrical addition of
the left and the right stroke signals
results in an “S-curve.” This is ideal

for the position feedback, but its
range is limited to only about +55°.
This does not satisfy the minimum
required aircraft turn radius, which
is a major, unchangeable characteris-
tic for being able to turn around on a
runway. Therefore, one sensor is
used for steering left, and the other
is for steering right. To avoid con-
stant flipping between sensors at a
straight ahead (0°) run, where most
of steering occurs at high speed, the
sensors change at approximately +3°.
In other words, the left sensor steers
from 77° left to 3° right, where the
right sensor takes over. It steers up
to 77° right, then down to straight
ahead and gives the control back to
the left sensor at 3° left.

This is relatively simple to achieve.
One caution: the position sensors
must be accurately rigged to prevent
jerking of the nosewheel when
switching between them. The rigging
offset is performed digitally, at the
cost of some additional code. But, the
rigging can be performed only with
the aircraft lifted on jacks, when all
the mechanical parts can be accurate-
ly aligned. Later drift due to wear and
tear requires another rigging.

FAULT DETECTION

As I have written in the past, fault
detection is often more of a challenge
than the actual control. And so it is
here. Imagine that you are steering left,
moving on the black trace in Figure 2,
which is now dominant. The black
trace determines the location in the
look-up table where the expected value
of the blue trace is held. The retrieved
look-up table value is then compared
to the acquired blue trace value. If a
discrepancy exists, a fault is declared.
The exact opposite happens when the
blue trace is dominant. Considering
Figure 2, you can see that we have
two problems to address. First,
because of the curves’ inversion, there
exists an ambiguity: two steering
angles show the same value on the
monitoring feedback. Second, the
curve around the inversion point is so
flat that it does not allow for the
detection of a discrepancy anywhere
close to the required resolution. That
means the customer’s specification,

CIRCUIT CELLAR® = www.circuitcellar.com
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based on general safety requirements,
cannot be complied with. This was
realized at the time when a lot of
metal had been cut, a lot of money
had been spent, and simply no
mechanical change by the customer
could even be contemplated. Numer-
ous proposed workarounds had not
been accepted for one reason or
another.

In the end, the engineers were
lucky. The customer, the airframe
maker, and the certificating authori-
ties accepted that at high speeds, such
as during take-off or landing, the nose-
wheel angle would never exceed about
+10°, including a good safety margin.
Within that range, the fault detection
is fully functional. Failures at low
speed would not be as readily detect-
ed, but there would be plenty of time
for the pilot’s reaction, thus safety
would not be compromised.

DISASTER PREVENTION

The cost of mechanical redesign,
schedule slip, and the penalties—not
to mention the loss of reputation—
would have been huge. To be clear, I
consider concurrent engineering to be
a great method to save time and
resources. But it is not a religion;
there is no cookbook to adhere to. It
requires management by intelligent,
experienced engineers who under-
stand the whole project and can pri-
oritize the replacement of TBD
details with data. Doing concurrent
engineering just for the sake of con-
current engineering, with little
understanding of all the implications,
can only lead to disaster. [&l

RESOURCE

G. Novacek, “Accurate Linear
Measurements Using LVTs,”
Circuit Cellar 106, 1999.

George Novacek (gnovacek@nexicom.net)
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is a professional engineer with a degree
in cybernetics and closed-loop control.
Mow retired, he was most recently pres-
ident of a multinational manufacturer for
embedded control systems for aero-
space applications. George wrote 26
feature articles for Circuit Cellar
between 1999 and 2004.
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Control and monitor via any USB connection.

Easily interface 1/0 using USB with Sealevel's new SeaDAC family.
A variety of SeaDAC modules are available offering Reed and Form
C relays, optically isolated inputs, A/D and D/A functionality. Robust
software drivers make implementation and troubleshooting easy.

SeaDAC Digital I/0 Features:
* Removable screw terminals simplify field
wiring

* High-retention USB Type B connector
prevents accidental disconnection of USB
cable

* Power supplied from USB connection

Removable screw
* SeaDAC Lite modules for low 1/0 count terminal connectors

applications

* Rugged, attractive plastic enclosure
* Table and DIN rail mounting options

* Wide operating temperature range of 0°C - 70°C

Rely on Sealevel's SeaMAX software suite to support the SeaDAC
family. Designed to work with third party applications via the

SeaMAX API, installation and operation is easy using Windows
operating systems.

sealevelcom > sales@sealevelcom > 864.843.4343

You( [T

Learn more about SeaDAC USB digital I/O modules at
sealevel.com/cir/daq or scan this QR code with your
smart phone. :

©1986-2011, Sealevel Systems, Inc. All rights reserved.
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by Larry Foltzer (USA)

Sweep-Frequency Qenerator Design

DD3>-Based Test Equipment from Sweat Equity

A proper design lab needs an accurate, programmable frequency source. And if
you take a lot of repetitive frequency-domain measurements on filters, an accurate
sweeper is a must-have tool. Here you learn how to use your high-speed circuit
design expertise to build a digjtal sweep-frequency generator (SFGQ) and a digital

reference-frequency generator (RFQ).

alk about timing! I had just completed the design

and prototype implementation of two frequency-
domain test instruments when I received Circuit Cellar 243,
which featured Robert Lacoste’s article, A Tour of the Lab
(Part 2): The Frequency Domain” (October 2010). Robert’s
article prompted me to start writing about my designs so

Photo 1—The completed frequency-domain test instruments. An
Analog Devices AD9834-based RFG is on the left. An AD5930-based
SFG is on the right. The ICSP interface used to program a Microchip
Technology PIC16F627A microcontroller is provided by a dangling RJ
connector socket.

that others might benefit from them.

As you are probably aware, Analog Devices offers a fami-
ly of direct digital synthesis (DDS) devices designed to ful-
fill a multitude of sophisticated and important electronic
functions, such as a programmable frequency reference,
sweep-frequency generators, and amplitude, frequency, and
phase modulators. At minimum, a well-equipped lab needs
an accurate, programmable frequency source. Furthermore,
if one anticipates making a lot of repetitive frequency-
domain measurements on filters, an accurate sweeper is
worth its weight in silver. So, armed with high-speed cir-
cuit design expertise, three pieces of silver, a Microchip
Technology 8-bit microcontroller, and Assembly language
programming experience, I set out to modernize and
enhance the accuracy of my home laboratory with a digital
sweep-frequency generator (SFG) and a digital reference-fre-
quency generator (RFG).

From a spectral point of view, most of my home proj-
ects fall below 10 MHz. So, I selected the Analog Devices
50-MHz AD5930 waveform generator for my SFG and the
75-MHz AD9834 waveform generator for the RFG imple-
mentation (see Photo 1).

Early in the project design phase, I discovered that the
signal pinout assignments of the AD9834 and the
AD5930 were nearly identical, making it possible to use
a single printed circuit board (PCB) design for both proj-
ects (more on that later). Therefore, I decided to start
with the SFG design project since the RFG project could
be viewed as a subset of the SFG from both a physical
and code point of view.

The objectives of the AD5930-based SFG design were a
2- to 10-MHz frequency range, a 2-Hz frequency resolution,

CIRCUIT CELLAR® = www.circuitcellar.com
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Output filter
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Seven-pole
RF Amp Output filter

AD5310
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keypad Microcontroller deﬁgglizc?:tgAc

g ¥y

key entry sequence shown in Table 1 is intentional.
It indicates that some sweep speed and position-
dependent delay may be required after the first char-
acter of the command sequence is entered in order to
comply with the I/O handshake protocol. This
behavior is due to the fact that the microcontroller
uses inline code to control and synchronize the out-
put frequency dwell time and horizontal output
deflection signals. New input is only recognized after
full sweep completion.

The keypad scanner is based on a Microchip
Technology PIC16F84 microcontroller. It is tasked

Figure 1—The functional block diagram of the sweep-frequency generator (SFQ)

and an output signal level greater or equal to +7 dBm into
50 Q.1 also wanted the generator to provide a synchronized
horizontal sweep signal in support of amplitude versus fre-
quency display. The user interface had to remain simple to
keep size, cost, and code complexity to a minimum.

Figure 1 shows a functional block diagram of the SFG. A
description of the key features and functions follows.

KEYPAD INPUT & COMMUNICATIONS

The keypad shown in Photo 2 is a common fixture in my
workshop, providing custom I/O signal functionality for
numerous projects. For simplicity, the SFG uses a single
LED as a handshake mechanism to signal when the system
is ready for data input. When the SFG is running steady
state, the handshake LED is illuminated and waits for the
first key press of an input sequence. If a sweep is in
progress, the LED remains lit until the current sweep is
complete and the first key input is recognized. At this
point, the LED is extinguished indicating that the SFG is
ready for the rest of the command sequence. The LED
turns on again after the appropriate parameter command
key is pressed.

Data/parameter entry uses reverse-Polish notation (RPN)
format. Parameter values are input in base_10 format first,
followed by a character keystroke signifying what parameter
is to be assigned the preceding input value. Only two input
parameters are “required” to control the operation of the
SFG: sweep center frequency and frequency step size. An
optional third parameter may be used to increase the length
of time each frequency making up the sweep (500 total) is
present at the output. This duration is inversely proportional
to the center frequency (F_) and scaled/increased appropriate-
ly by the value entered here. A typical SFG programming
sequence is shown in Table 1.

The white space between the first and second parameter

To set the center frequency to 4.5 MHz, enter: 4 500000 (ENT)
2 000 (DEL)

16 00 (TKO)

To set the frequency step to 2,000 Hz, enter:

To set the frequency step duration to 1.0 ms, enter:
(This represents 200 ps overhead + 16 x 50 |s)

Table 1—A typical SFG programming sequence
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with scanning the keypad for input and communi-
cating with the SFG’s microcontroller over a uni-
directional serial interface consisting of the fol-
lowing signal and handshake lines: Data Available (/DAV),
Serial Data, and Acknowledge (/ACK).

When a key is pressed, the PIC16F84 places the first bit of
the keycode on the data line and pulls /DAV low. If the SFG’s
microcontroller detects /DAV low (/DAV sampled at begin-
ning of retrace time), it reads the serial data line and pulls
/ACK low, telling the keypad processor the data bit has been
captured. The keypad then raises /DAV and the process is
repeated until all the keycode bits have been communicated.

DDS CLOCK CONSIDERATIONS

The AD5930 is built around a 24-bit core. According to
the datasheet, it can be clocked at rates up to 50 MHz. The
24-bit core size means the DDS machinery of the AD5930
can break a single sine wave into (2?*) discrete “phase-
slices,” where each phase-slice’s amplitude is quantized
into a 10-bit word stored in a look-up table. Sinusoidal fre-
quency synthesis takes place by reading successive values
from the phase-to-amplitude look-up table and feeding
them to a high-speed DAC. The step size (SS) between suc-
cessive values read from the look-up table is proportional
to the desired output frequency. The following equation
shows how to calculate SS. The magnitude of the phase
step needed to produce F_

F

sS=(2") x (ﬂJ for N = 24 1]
DDS

Rearranging this equation forms a ratio of constants on the

left side of the equation, and a constant ratio of variables

on the right side of the equation:

2 %) 2

Photo 2—
The keypad
which fea-
tures a
Microchip
Technology
PIC16F84
microcon-
troller
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Photo 3—Magnified views of the printed circuit board (PCB). a—A virgin PCB with both sets of configuration traces intact. b—The two sets of
traces used to configure the PCB are color coded to show the different traces.

For a ratio of two, F . = 2 x 2** = 2% = 33.554432. MHz,
which is both greater than twice the Nyquist frequency
and below the maximum specified operating frequency of
50 MHz. Furthermore, SS, which is the frequency program-
ming word, must be half the desired output frequency for
the ratio of two to be preserved:

(2*)

SS=F,,, x {(2—25)} = FO—ZUT (3]

It is important to note that by employing this strategy, all
you have to do to calculate the appropriate phase SS to gen-
erate a specific output frequency is divide that frequency in
half. This task couldn’t be easier in a binary machine. With
a cleared carry bit, simply shift the frequency number to
the right one bit and you’re done. This makes an Assembly
language programmer very happy, indeed.

Furthermore, from the equation above, you see that
for a unity change in SS, F_ ., increases by 2, which is
the frequency resolution of the system. The question is,
from where do you get a 33.554432-MHz clock to drive
the AD5930? The answer is that obtaining a clock
source at virtually any specific frequency is easy these
days, given the availability of programmable frequency
references, such as the Epson SG-8002JF-PHB-ND oscil-
lator available for just a few dollars from distributors
such as Digi-Key.

DDS-TO-MCU PHYSICAL CONTROL INTERFACE

During schematic capture, I realized that Analog Devices
had made an error in pinning out the programming and
control signal lines on the AD5930 and AD9834. That is,
the S_ .., S and E, - are on different pins on these
parts. Since I wanted to use a single PCB design for my two
projects, I would have to provide a way to remap the neces-
sary signals to correct this unfortunate pinout error.

Photo 3 shows magnified views of the area of the PCB
where my solution is implemented. Photo 3a shows a vir-
gin PCB with both sets of configuration traces intact.
Photo 3b color codes the two sets of traces used to config-
ure the PCB for the appropriate application. Cut the yellow
set of traces for AD5930 compatibility or cut the red set of
traces for AD9834 compatibility. For best results, use a
number 11 surgical blade to sever the appropriate unused
trace connections. If you make a mistake, through-holes
are provided to facilitate a repair.

I selected a Microchip Technology PIC16F627A micro-
controller to orchestrate the operation of these designs.
There wasn’t any particular feature that was required of
these microcontrollers other than sufficient port count,
low cost, and availability. And, since I already had them in
my inventory, the choice was clear. You can easily port the
code to other Microchip Technology parts if you are so
inclined. Furthermore, you can alter the code as you see fit

Photo 4—Sweeps configured with a width of 1.0 MHz spanning 5 to 4 MHz. The signal transmission characteristics of two parallel connected
crystals connected in series with a 50-Q terminated scope input are also shown.
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and reprogram the microcon-

and ending at (F_ - (250 x

R . L dF)). On an oscilloscope

troller through the in-circuit Tek ﬁ«“‘“i
serial programming (ICSP) i
interface, the dangling six-
position R] connector shown
in Photo 1.

SFG DISPLAY OPTIONS i LA
I happen to be lucky ‘
enough to own a Tektronix
TDS 220, digital real-time
oscilloscope that provides all
the support features needed
as a display for the SFG: fast

CH2 10.0d6

OkHz  C10.0MS/s)

screen with 10 graduations,
frequency display density is

i
A

Source 50 steps per graduation. For
il the “4500000 (ENT), 2000
Deita (DEL)” case, total sweep
140081 width is 1.0 MHz (i.e., 500 x
_m 2,000 Hz), spanning the range
4.904MHz 5 to 4 MHz. Photo 4 shows

} wes sweeps configured in this

[ 4918MH: way, showing the signal
IlHanning transmission characteristics
of two parallel connected

Fourier transform (FFT)
analysis, variable persistence,
and X-Y display capability.

In FFT mode, only a single
input to the scope is required to gen-
erate an X-Y display of amplitude ver-
sus frequency. The FFT capability
takes care of filling the appropriate
frequency bins and displaying their
contents logarithmically and sequen-
tially along the X/frequency axis.
However, while this mode offers
some convenience, it suffers from
poor resolution, especially in light of

three bins wide)

IC Device &
Package Converters

Quick-Turn Custom Solutions

e Upgrade Your PCB e Design and

e Fix Design Problem assembly - Fast
* Replace Obsolete Part

« All SMT Package M

A

4 Ironwood ¢
ELECTRONICs 1-800-404-0204

www.ironwoodelectronics.com
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Photo 5—The crystal bandpass measuring roughly 14 kHz (about

the spectral purity typical of a DDS
source. More on this later.

In what I call the “direct approach,”
the TDS 220 is placed in X-Y Display
mode while feeding the output of the
horizontal deflection DAC to the X
input channel of the scope. The
sweep is always composed of 500
individual frequency steps starting at
the highest frequency (F_ + (250 x dF))

crystals (4.192304 MHz and
4.9152 MHz) connected in
series with a 50-Q terminated
scope input.

The difference in frequency resolu-
tion capability of the two display
options is substantial. TDS 220 FFT
mode resolution tracks the sampling
rate (F) necessary to accommodate the
frequencies of interest, per Nyquist. For
example, to observe the transmission
through a 4.9152-MHz crystal, the
greatest frequency resolution is
obtained when the sampling rate is set

RF Specialists

Distributors of Low-Power RF modules, Zigbee, Bluetooth, WiFi, GPS, GSM/GPRS

ZigBee Solutions
ProBee Series

High Performance and Robust Data Transfer Capability
ZigBee Solutions

I EMO G vwtemosint.com

866.345.3667
INTERNATIONAL sales@lemosint.com
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Photo 6—The transmission bandwidth measurement of the 4.9152-MHz

crystal using a 20-Hz frequency step

to 10 Msps. And since the TDS 220 FFT record length is
fixed at 2,048, the scope’s best resolution for this signal is
approximately 4.9 kHz (i.e., 10 MSps/2,048). Under these
limitations, crystal bandpass measures about three bins

wide or about 14 kHz (see Photo 5).

Frequency resolution using the “direct approach,” is in
stark contrast to the above. The direct approach, in effect,
passes the signal through 1-Hz bandpass filters spaced SS Hz
(effective bin width) apart. The resulting signal displays the
amplitude of the RF envelope over the designated frequency

span. Photo 6 shows the transmission bandwidth measure-
ment of the 4.9152-MHz crystal using a 20-Hz frequency
step (1,000 Hz per cm). Bandwidth measures roughly 30
times narrower (about 400 Hz) than obtained with the
scope’s built-in FFT mechanism.

The direct approach requires two inputs. The horizontal
sweep deflection generator produces a linear voltage output
that is decremented in sync with DDS output frequency
steps. This horizontal sweep signal is generated from an
Analog Devices AD5310 10-bit digital-to-analog converter
(DAC). At the start of the sweep, the DAC input starts
with a count of 1,012 and is decremented, two at a time,
until the DAC input count reaches 12 after 500 frequency
steps. Mathematically, DDS output frequency steps from
F_ + (250 x dF) to F_ — (250 x df) while the sweep voltage
steps from:

1,012
Vs= 3V x (1,023) (4]
to:
12
V=5V x | —
s X (1,023] 5]

Synchronization of the horizontal deflection signal DAC
with the output frequency is provided by the connection of
the DDS sync signal from pin 9 to microcontroller pin 11,
via I/O_2 and I/O_3 shown in Figure 2.

Finally, variable persistence provides memory of the spec-
trum amplitude profile. This is especially useful for low-fre-
quency measurements when the period of a single cycle could
be measured in the tens of milliseconds, where the total trace
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TDS 220 enables a fine
adjustment of the channel
sensitivity, so that the
sweep width can be adjust-
ed to the full-scale deflec-
tion of the scope for the
best display accuracy.

Not
populated

SFG FIRMWARE

The firmware for the SFG
is available on the Circuit
Cellar FTP site. I'm not
going to elaborate on it here,
except to say that I enjoy
algorithm development and
implementation in machine
language. Even simple tasks
that work well give me
pleasure. Keep it simple and
effective is my motto.

RFG OVERVIEW

Figure 3—The operating voltages for the printed circuit board (PCB) circuits that originate from a single
7-to 9-V input via a National Semiconductor on-board LM317 regulator and a Linear Technology LT1046

converter

time for low-frequency sweeps could
exceed 1 minute.

POWER CONDITIONING
Operating voltages for the PCB cir-
cuits are derived from a single 7- to 9-V

input by way of a National Semicon-
ductor on-board LM317 regulator and a
Linear Technology LT1046 converter
(see Figure 3). Complementary positive
and negative supply voltages from the
LT1046 inverter supply power to a pair
of National Semiconductors LMH6714
video op-amps that subsequently drive
seven-pole, low-pass output filters.

In my prototypes, I did not have
the component values I had calculat-
ed for the filters shown in Figure 3,
so I used the closest values I had on
hand. Simulations indicated I would
only pay about a 6-dB stop-band
penalty for my substitutions, so I
went with it. For my purposes, so far,
so good!

THE INTERFACE

The SFG potentially provides two
50-Q characteristic impedance RF out-
puts. In my prototype, I terminated
only one RF signal in a BNC connec-
tor, but terminated the second output

port with a 50-Q resistor at the filter’s
output. The two RF ports are side-by-
side along the bottom edge of the
PCB. These outputs are capable of
supplying 5 MW + 7 dBm, 1.45 V
peak-to-peak into a 50-Q load.

The BNC connector on the lower
left side of the PCB, which can be
turned on by software, is driven by the
most-significant bit of the phase-
amplitude look-up table address, pro-
ducing a square wave output that is in
phase with the sine wave outputs. I
prefer harmonic free output, so I have
it turned off.

Finally, the BNC on the upper left
edge of the PCB is the output of a 10-bit
DAC that gener-

As I stated previously, the
RFG is a subset of the SFG
in terms of support circuitry,
firmware, and design equa-
tions. However, the faster
75-MHz AD9834 employs a 28-bit
core, providing higher output frequen-
cy and frequency resolution while
requiring different code to compute
the frequency control word.

With the RFG based on the 75-MHz
AD9834, operation to 20 MHz is possi-
ble but will require the redesign of the
low-pass output filter. I did not have
the appropriate parts for the 20-MHz
low-pass filter design, so I used the
same filter components as used on the
SFG, limiting the output to 10 MHz.

The RFG and AD9834 can produce
continuous wave (CW), frequency-shift
keyed (FSK), and phase-shift keyed (PSK)
signals with modulation externally or

ates a linear hori-

zontal deflection
signal to drive the
“X” coordinate
channel of an
oscilloscope in
sync with fre-
quency stepping.

1

R17 R16> R15
12k 12k 12k

For MCU control or freq and phase on RFG
jumper pins 1 to 2, and pins 3to 4

Jumper pins 3 and 4 only on SFG

This is a low-

From MCU R04

J1

speed signal and

From MCU R05

intended to drive

AD9834 Frequency Select

“—'wa
[

into a high input

AD9834 Phase Select

impedance. The

Figure 4—Jumper J1 configuration for RFG or SFG operation
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by the RB4 and RB5 I/O ports on the PIC16F6274, if you
write the code. Figure 4 shows how to configure J1 for modu-
lation applications.

The output power objective is the same as for the SFG:
+7-dBm output power into 50-Q. There is no need to popu-
late the horizontal sweep DAC, unless you are willing to
write code for it for a special application (e.g., to plot the
gain at a specific frequency of an AGC loop versus AGC
voltage).

CLOCKING THE RFG

For convenience, you repeat Equation 2 here for N = 28,
where 2?8 is the depth of the phase-to-amplitude look-up
table. Amazing!

FDDS — FDDS — (FOUT)
(2) 268,435,456 SS

(6]

Anyway, since the maximum operating frequency of the
AD9834 is 75 MHz, the resolution of the RFG, F__/SS,
will be less than one.

To maximize the output frequency range while remaining
true to integer math, select 67.108864 MHz (i.e., F = 2%),
which sets the resolution to 0.25 Hz—that is, an incremental
change of SS by four is required to shift F by 1 Hz.
Expressed mathematically, the frequency control word is:

SS=Fyr X |:@:| =Four ¥ |:(228):l =4 X Foyr (7]

ouT

FDDS 226

Now all you have to do to is the following. Calculate SS
by changing the base-10 input string from the keypad to
hexadecimal. Perform two PIC “RLF SS,F” instructions to
multiply the desired frequency by four. Perform an
“ANDLW 0xFC” instruction on the LSB to mask off bits
Bl and BO, ensuring the result is ((N) — (N modulo 4)). And
then program the result into FO or F1, as appropriate.

QED!

TO MODULATE OR NOT

While the RFG and the AD9834 are capable of generat-
ing angle-modulated signals, my interest, and the current
implementation, is in producing CW output for potential
use as a local oscillator for radio applications. The
firmware listed here configures the RFG for CW output,
with static levels from microcontroller ports RB4 and
RBS, driving the P, . .. and F_, . . lines of the AD9834.
This interconnection of the microcontroller and DDS is
made by connecting pin 1 to pin 2 of J1, and pin 3 to pin 4
of J1, as shown in Figure 4.

The RFG firmware contains no code to introduce
phase or frequency modulation using the microcon-
troller. However, the AD9834 is initialized to accept
externally generated TTL-level modulation input by way
of I/O jumper pins I/O_0 for phase register selection and
I/O_2 for frequency register selection. If you write your
own modulation generator code, you can have the micro-
controller drive DDS register select pin 10 (P, .) and
pin 9 (F, ...) directly and achieve modulation rates as
high as 234 Kbps.
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(SEG) "Shift Key" for functional expansion
(RST) Full RFG reset
(ENT) Switch output to frequency specified in (FO) register
(DEL) Switch output to frequency specified in (F1) register
(TKO) Change output signal phase to that specified in (PO) register
(ABT) Change output signal phase to that specified in (P1) register
(PARAM) CENT) Store PARAM in FO, F_ .. = FO
(PARAM) (DEL) Store PARAM in F1, F . = F1
(PARAM) (TKO) Store PARAM in PO, Phase = PO
(PARAM) (ABT) Store PARAM in P1, Phase = P1
(PARAM) (SEQ) (ENT) | Save PARAM in EEPROM address FO
(PARAM) (SEQ) (DEL) ' Save PARAM in EEPROM address F1
(PARAM) (SEQ) (TKO) | Save PARAM in EEPROM address PO
(PARAM) (SEQ) (ABT) | Save PARAM in EEPROM address P1
Example: Programming FO and F1, in that order, and switching back to FO
for FO = 4.096 MHz, F1 = 4.9152 MHz
Command Sequence:
4096000 (ENT)
4915200 (DEL)
(ENT)

Table 2—Alphanumeric keystroke sequences used to control the operation of the RFG

The AD9834 can be modulated by
way of bit 10 (PSEL) or bit 11 (FSEL)
in the DDS control register if bit 9 is
cleared in the control register. Howev-
er, that modulation path is slow since
you have to send a 16-bit control word
just to change one bit, for a maximum
speed of roughly 17 Kbps.

RFG COMMANDS & CODE
Table 2 is a list of the alphanumeric
keystroke sequences used to control the
operation of the RFG. (PARAM) signifies
a purely numeric entry representing fre-
quency step and phase offset parame-
ters. And, as with the SFG, RFG input

command sequence is RPN-like.

The firmware/code for this project
is simple and mostly static in nature.
The code is available on the Circuit
Cellar FTP site.

THAT'S A WRAP, ALMOST

The PCB is a two-sided board and
was designed using ExpressPCB CAD
tools. For the most part, this design
worked well, although I wish I had
provided large pads for some of the
higher-value capacitors since 0805
versions of them are expensive and
not in my inventory. I had to tomb-
stone larger caps on small pads to
avoid bankruptcy.

www.circuitcellar.com = CIRCUIT CELLAR®

My original design targeted the
AD5310 DAC for the horizontal dis-
placement signal generator. But, it

turned out to be in short supply, and
a direct pin-compatible version was
not found. I found a solution, howev-
er, in the AD5611, whose pinout
matched the PCB when mounted
upside down.

Finally, I have a pet peeve: What's
with all these super-small packages?
Isn’t the PIC16F627A SOIC-18 small
enough? Is the real estate savings of
the DDS packages worth the han-
dling difficulty? I don’t think so.
Look at the microcontroller size ver-
sus that of the DDS. Now try solder-
ing these devices by hand. Yes, it
can be done. Then again, I've been
doing this stuff for a long time. But,
as my eyes get older, it becomes
more difficult to play in the sand-
box, with or without a microscope
in the workshop. No wonder kids
don’t go into this business of ours;
they are intimidated straight out by
the smallness. I wish manufactures
would offer hobby packaging so the
new generation would have some
way to get their feet wet.

Bring back the Heathkit! [&]

The complete development environment for ARM®,
Cortex™, 8051, and C166 microcontroller designs.
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by Richard Pierce (USA)

Battery Analysis
Build an MCU-Based Analyzer Unit

Battery ratings aren’t always accurate. In fact, many batteries don’t meet their
rated capacities. This microcontroller-based battery analyzer enables you to sort
the good from the bad. It's designed for use with single-cell li-ion batteries with a
nominal 3.7-V rating, and you can use it with various cell types.

ecently, I started wondering why some of my li-ion

batteries seemed to perform differently than others
even though their rated capacities are the same. It’s true that
batteries change over time and as they are cycled, but these
were all “new” batteries. So, I designed a battery analyzer to
figure out what was going on.

Batteries are usually rated in mAh (or mA-h, Ah, A-h, or
something similar). A mAh is one milliamp hour, and an A-h
is one amp hour. A battery rated at 1 A-h (or the equivalent
1,000 mAh) means that the battery should be able to deliver
the equivalent of 1 A for a period of 1 hour. For example, if
the battery drain is only a 0.5 A, it should last 2 hours. If the
drain is 2 A, it should last a half an hour. During the battery
drain time the battery voltage is not constant; it drops from a
fully charged voltage to a minimum voltage that is specified
by the battery manufacturer. The discharge rate (load current)
for the battery capacity rating is usually specified by the
manufacturer. So you might have, for example, a 10-A-h bat-
tery with a 1-A discharge rate. If the battery is discharged at a
higher rate than 1 A, it probably won't be able to provide the
full 10-A-h energy rating.

My battery analyzer—which is based on a Microchip
Technology PIC18F4525 microcontroller—is intended to be
used with single-cell li-ion batteries with a nominal 3.7-V
rating (see Photo 1). It can be used with var-

milliamp hour discharged is shown. This value should be,
in theory, pretty close to the battery rating. There are two
ways that the battery can be discharged: one is for maxi-
mum energy and one is for maximum power. The maxi-
mum energy mode discharges the battery at a constant cur-
rent until the empty voltage is reached, then reduces the
current while maintaining the empty voltage until the bat-
tery isn’t able to supply 50 mA of current. The maximum
power mode discharges the battery at a constant current
and then stops when the empty voltage is reached. The
maximum power mode is intended to be representative of
how a battery would be discharged in a real-life application.

It is also possible to charge (or discharge) a battery to a spe-
cific level. This enables a battery to be prepared for storage,
for example. There are also some preset charge levels and the
ability to set a custom charge level. The presets include stan-
dard (4.2 V), military (3.92 V), and storage (3.5 V). The stan-
dard level is the maximum energy that can be safely stuffed
into a li-ion battery. The military level is a more conservative
value that increases the battery life somewhat and enables
the battery to be used over a wider temperature range while
fully charged. The storage level is for storing a battery for a
long period of time. Storing a li-ion battery with a high level
of charge tends to reduce the battery’s lifespan.

ious types of cells including 18650, 16340,
14500, 17500, 18500, and 17670 with
capacity ratings of 500 to 3,000 mAh. The
charge and discharge currents can be up to
1 A, maximum.

The process of analyzing the perform-
ance of a battery consists of charging the
battery to a “full” level and then discharg-
ing the battery to an “empty” level while
measuring and totalizing the amount of
current produced by the battery. The full
and empty levels are configurable, and the
values can usually be found on the bat-
tery’s datasheet. When it’s done, the total

Photo 1—The front (a) and back (b) of the finished battery analyzer unit
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the digital potentiometer
chips so their wiper volt-
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voltage. The CPU and
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analyzer (see Figure 1). 1
chose a crystal oscillator
source so that reasonably
accurate timekeeping would

Figure 1—The battery analyzer block diagram

BATTERY CHARGING STRATEGY

A variety of li-ion battery charging methods can be used.
My device uses the constant current, constant voltage
(CCCV) method, where a constant current is used to charge
the battery to the “full” voltage and then the charge current
is reduced while maintaining the final voltage. The charging
process stops when the charge current drops to 50 mA.
Although it’s not the fastest method, it’s safe and gentle and
results in a fully charged and stable battery condition.

Most li-ion batteries specify that they should be charged at
a 0.2C rate (the battery rating divided by two). So, the charge
rate for the battery analyzer is fixed at 0.2C. The specified
discharge rate can vary; it’s usually specified at something
like 0.5C to get the most energy out of the battery. But, you
may want to discharge at a higher rate, so this value is con-
figurable. (Refer to the Sidebar, “Li-ion Essentials,” for more
information.) The maximum discharge rate is limited to 1 A.
So, for example, discharging a 2,000-mAh battery at a rate
above 0.2C is not possible with this battery analyzer.

POWER SUPPLY

A 9-V, 2-A AC/DC power adapter is the main power
source of the battery analyzer. Good old LM317 voltage reg-
ulators are used to derive the 6.8- and 5.5-V supplies. For
this application, I wanted these supplies to be pretty much
right on the target voltages, and the voltages on the bread-
board version were perfect. But something was different on
the PCB version, perhaps due to the different LM317 pack-
age type or changing from 1/4 watt to SMT resistors, so
trimming resistors were needed. The 3.3-V supply is not

www.circuitcellar.com = CIRCUIT CELLAR®

be possible. The LCD ended
up determining the required
crystal frequency. This is
because the optimal speed for communication with the LCD
is with a 10-MHz SPI clock. The PIC18F4525 has a four-clock
instruction cycle (the instruction cycle is also the maximum
SPI clock rate), an internal PLL that multiplies the 10-MHz
crystal to 40 MHz (resulting in a 10-MHz SPI clock rate), and
an instruction cycle rate of 10 MIPS.

The SPI is used with both the LCD and the digital poten-
tiometers. To simplify the software, two separate SPI chan-
nels are used. The PIC18F4525 only has one hardware SPI
channel so the second channel is bit-banged with software.

Li-ion Essentials

Battery capacity ratings are usually specified at a dis-
charge rate of 0.2C (1/5 of the rated capacity). So, to get
the rated capacity from a battery, it should be discharged
at rate that’s less than 1/5 of its rated capacity. If you are
going to discharge at a higher rate, then capacity should
be derated. For example, at a 2C discharge rate less than
90% of the rated capacity will be available.

Keep the battery comfortably warm. To get the rated
capacity from the battery, it should be operated at 23°C
or higher. At low temperatures (at or below freezing),
battery performance drops off quickly, especially at high
discharge currents. Be careful not to drop the battery.
Physical damage, such as dents or punctures, can cause
the battery to fail, sometimes in a dramatic fashion.
Never short the battery terminals. Doing so can cause
permanent damage to the battery, and maybe you, too.
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HUMAN INTERFACE HAIN NENU BATTERY BATTERY A large 10-mm RGB status LED makes
The controls for the battery analyzer e | i it easy to know what the battery analyzer
are basically two buttons. A Reset button Diags :::u‘if: Ssrase is doing from across the room. When it’s

Aib. f . . .
provides a quick way to shut down every- bat Bxit Sashes charging or discharging, the battery the
thing, enter a failsafe state, and get back BATTERY BATTERY SETTINGS  BATTERY LED is red; when it’s done, it turns green.
to the main menu. A five-way (up, left, fnalysis Type —— CADACTTY Blue is only used when the diagnostics
right, down, and push) joystick button Erorgy () '[‘:i’t"l" are running or to indicate that a safety
controls everything else. Although there Exit See i shutdown has occurred.
are enough I/O plnS free to directly con- BATTERY SETTINGS BATTERY SETTINGS BATTERY SETTINGS LaStly, there’s the Obligatory bug indi-
nect the joystick, it’s become a habit of FULL EMPTY DISCHARGE R LED (a diagnostic LED). There are
mine to encode the joystick position as a only a couple of fatal errors possible in
voltage and then use a single analog input PREmoGt PEST o this application: a watchdog timeout or
5 JR r it RESS TO STOR . .
to read the switch state. BATTERY h'HL;?[H Back ‘JIDILE a reset instruction encounter. Should
The display is a small (about 1” square) G 29902000 one of these errors occur, the battery
color LCD. The menu-driven application 3580 e b analyzer will shut down to a failsafe
program consists mainly of text displays 1046 nf 226 nfih : state and then blink an error code on
(see Photo 2). The graphical capability is — 00:21:33 the diagnostic LED.
used to show the voltage and current DISPLAY DISPLAY
going into (or out of] the battery over Brishtness o - BATTERY POWER CONTROL
time. The display contrast is controllable s 33 o0 Two programmable power regulator
by commands to the LCD chip and the LRSS circuits are attached to the battery
backlight is controlled using the PIC Photo 2—The battery analyzer's menu- under test (see Figure 2 and Figure 3).

PWM output and a driver MOSFET. driven display One circuit is for charging and the other
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Figure 2—The battery analyzer processor, display, and power supply
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is for discharging the battery. Normally, only one of these
circuits will be engaged at a time. Power MOSFETS are used
to completely shut off the power regulator circuits. The
MOSFETs are driven in such a way that they are normally
off, so if the microcontroller is not controlling them (as dur-
ing a reset) they automatically shut off.

Linear Technology LT3080 voltage regulator chips are
used to regulate the battery charge and discharge currents.
These voltage regulators are a little different in that the
voltage Set control pin can be actively driven and the out-
put voltage is equal to the Set pin voltage. The Set pin also
can be passively used because it provides a 10-pA source
current. So, to get a 5-V output, a 500-kQ resistor from the
Set pin to ground is all that’s needed.

For charging, a series current sense resistor (R10) and a
digital potentiometer (U6) are used to set the charge cur-
rent. The 50-kQ digital potentiometer in combination with
the 10-pA source current from the LT3080 establishes a
control voltage range of 0 to 0.5 V. Since the current sense
resistor is 0.5 Q, this equates to a current range of 0 to 1 A.
Current-limiting resistor R26 introduces an offset of 50 mA,
so the actual controllable range is 50 mA to 1.05 A.

For discharging, a constant load resistor (R2) provides a
known resistance so the load current is a function of the regu-
lator (U9) set voltage. For example, the load resistor is 1 Q, so
to get a 1-A load current the regulator set voltage is 1 V. Using
a 100-kQ digital potentiometer gives a controllable voltage set
range of 0 to 1 V, which equates to 0 to 1 A. Current limiting

resistor R27 introduces an offset of 50 mA, so the actual con-
trollable range is 50 mA to 1.05 A.

Diode D1 blocks current backflow when the battery ana-
lyzer is not actively charging the battery. Diode D2 ensures
that the output of regulator U8 does not exceed about 5.3 V.
This is because digital potentiometer U6 could be damaged
if the regulator output was allowed to go above the chip’s
V. supply voltage of 5.5 V.

Resistors R26 and R27 prevent excessive currents from
flowing through the digital potentiometers. The LT3080 reg-
ulator, like many low-dropout regulators, has a nasty behav-
ior characteristic at very low voltages—that is, it starts
drawing a relatively large amount of current. In this case,
the current would flow through the Set pin of the regulator
and potentially damage the digital potentiometer chip.

Resistor divider network R1 and R12 adjusts the battery
voltage to a level that’s convenient for the A/D converter to
use, which is 5 mV per A/D count. At least that’s the theo-
ry. Actual empirical results showed a need for an additional
100-kQ trim resistor and a couple of small filtering capaci-
tors in order to get an accurate voltage reading. Resistor
R28 prevents large currents from flowing in through the
PIC18F4525’s A/D input pin when the power is off but a
battery is present.

THERMAL CONSIDERATIONS

I like my circuits to run cool, and in the breadboard test
circuit the regulator chips were getting pretty hot. So, the
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thermal design of the final version was definitely overkill.
Both of the LT3080 regulator chips are mounted on a 5” x 2
aluminum plate that acts as a heatsink. A couple of con-
ventional TO-220 heatsinks were added. As if that wasn'’t
enough, a small fan is also attached to the plate. The fan
blows air through the plate which greatly increases its
cooling capacity. The current sense and load resistors are
located so that the air from the fan blows directly on them,
which keeps them cool, too. As a
result, it barely gets warm to the
touch.

For safety, there are a couple of
NTC thermistors that monitor the
heatsink and battery temperatures. If
either exceeds a modest temperature
level, it triggers a safety shutdown.

SELF-TEST FEATURE

By simultaneously turning on both of the power regulator
circuits, the battery analyzer does a little self-testing. A volt-
meter attached to the voltage and/or current test points can
be used to independently verify the circuit operation. There
is a diagnostic menu and a number of self-test choices avail-
able to check out the charge current, discharge current, and
constant voltage functions.

SOFTWARE

I generally use Assembly language with Microchip
processors in the 10, 12, 16, and 18 families. So, I wrote
this application in 100% Assembly.

There are only two interrupt sources: the A/D converter
and the periodic timer. The high- and low-priority interrupts
are used to separate the two interrupts. The periodic timer
interrupt kicks off an A/D read sequence every 2.5 ms and
performs human interface functions every 20 ms. An A/D
read sequence is where all of the A/D inputs are read and
stored into memory. Most of the A/D values are handled by
the foreground process, except for the battery voltage sensor.

As soon as a new A/D reading comes in from the battery
voltage sensor it’s immediately processed. The constant
voltage function is actually being performed by software,
which means the software is part of the feedback loop. So,
it’s important to keep the loop response time as fast as pos-
sible to get a stable constant voltage output.

A watchdog timer interlock between the timer interrupt
and the foreground main loop ensures that the watchdog
will trip if either the interrupt or the foreground processes
crash. The foreground main loop takes care of everything
else. Although the timing is not critical, the foreground is
able to do overall precision timekeeping because the timer
interrupt provides accurate “ticks” for the foreground to
process. These ticks are queued up so that the foreground
can stall for short periods as long as it eventually catches
up and processes all of the ticks in the queue.

The main foreground tasks are to run the various timers,
control the fan, store the milliamp hour data-logging informa-
tion, perform time and temperature safety checks, monitor for
battery insertion/removal, update the LCD, and handle button

“To charge or analyze a battery,
all you need to do is insert the

battery and follow the prompts
on the screen to select the
desired settings.”

inputs. By doing most of the work in the foreground, it is easi-
er to serialize all the processes and avoid potential conflicts
that can happen at the interrupt level. A couple of helper
functions assist with safely accessing information that the
interrupt handlers update.

The total milliamp hour discharged is an average of the
current discharged during the period, which is then adjusted
for a 1-h period. So, the first calculation is average = total
(mA)/time (hours). To adjust
for a 1-h period, the average
is multiplied by the elapsed
time, so mAh = average x
time (hours). Combining
these two equations, the
time term cancels out so the
resulting calculation is mAh
= total (mA-s)/3,600 (s). For
example, if an average of
1,000 mA was discharged over a 2-h period, the total mA-s
would be 7,200,000 (1,000 mA every second for 2 hours).
Dividing this by 3,600 results in a value of 2,000 mAh.
Once a second, the discharge current (in mA units) is added
to a total accumulator. This discharge current isn’t actually
measured; it is derived from the discharge current poten-
tiometer setting. A 31/23-bit divide routine from the
Microchip Technology application library is used to divide
the total current accumulator by 3,600. The result is the
mAh value.

The graphic data logging is performed using a dynamic
compression technique. This enables data from short runs
(just a few minutes) to long runs (several hours) to be record-
ed using the same size memory buffer. When a run is started,
data is recorded at a high rate of one sample per second. If the
data buffer fills up, it is compacted (half the data is discarded)
and the data recording rate is reduced to one sample per 2 s.
This process is repeated until the run is completed. Since the
maximum run time is to the order of 8 hours and the data
recording buffer is 100 entries, the lowest sample rate ends
up being about one sample per five minutes.

There are a lot of display screen pages, so a data-driven
subsystem is used to handle the display updates. Each dis-
play page is built using macros that specify things such as
screen locations, text or variables to display, and the but-
ton handler function to use for the page. To display a new
page, all that’s necessary is to set the current page index
number to a new value, then the display subsystem takes
care of the rest. Displaying variable information is handled
by a callback function for each page that enables the vari-
able data to be set up just prior to the screen being sent to
the LCD. A special callback function is provided for
screens that need to draw something unique, such as the
graph display in this application. Library modules provide
support for the EEPROM, the LCD, the digital potentiome-
ters, and mathematical calculations.

CONSTRUCTION & OPERATION

I constructed the final version as a naked two-layer PCB
mounted on an acrylic base plate. The base plate also ties
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the heatsink backplate to the PCB.
The battery holder is a standard
18650 type that I modified by trim-
ming the plastic holder tabs to make
it easier to remove the battery. I also
cut a small hole in the back of the
battery holder to accommodate the
NTC temperature sensor that’s locat-
ed directly behind the battery. The
LCD screen is held in place and pro-
tected by a small acrylic window
that’s anchored to the PCB with some
double-sided tape.

To charge or analyze a battery, all
you need to do is insert the battery
and follow the prompts on the screen
to select the desired settings.

HAZARDS

This battery analyzer is not well
protected from reverse polarity (a
battery that’s inserted backwards).
There should be some degree of pro-
tection provided by the fuse and
reverse diode (D3), but I am too nerv-
ous to actually test it. The idea is
that if the battery is inserted back-
wards the reverse voltage to the cir-
cuit will be minimized and the fuse
may blow. But if sufficient reverse
voltage makes it into the circuit,
then some components will most

likely be damaged.

This battery analyzer also won’t
prevent you from doing things to a
li-ion battery that you shouldn’t,
such as overcharging or overdischarg-
ing the battery. So, read the manual
for your li-ion battery and be careful.
Not following this advice could
result in damaging the battery and
possibly causing it to explode. Using
a “protected” battery (one with an
integrated safety circuit) is a good
safety measure, especially if you are
not familiar with the potential haz-
ards of li-ion batteries.

YOU GET WHAT YOU PAY FOR

Battery ratings seem pretty opti-
mistic. I haven’t found a battery yet
that meets its rated capacity. And I
have discovered some batteries that
may be defective or perhaps even coun-
terfeit products. Perhaps a battery rat-
ing is like the top speed of your car’s
speedometer. On a good day, with the
wind behind you and going downbhill,
you might be able to get the rated
amount of power out of a li-ion battery.
But, from now on, I'll only be buying
my batteries from reputable sources
and derating the battery specifications
in my battery-powered designs. &l

Richard Pierce (rsp@fearlessnight.com) is a medical product design engineer who

studied Computer Engineering at the University of lllinois. He also designs home

entertainment/automation gadgets.

PROJECT FILES

To download the code and bootloader files go to ftp://ftp.circuitcellar.com/

pub/Circuit_Cellar/2011/254.

SOURCES
TO-220 Heatsinks

Aavid Thermalloy | www.aavidthermalloy.com

LT3080 Voltage regulator chips

Linear Technology Corp. | www.linear.com

PIC18F4525 Microcontroller

Microchip Technology, Inc. | www.microchip.com

NTC Thermistors

Murata Manufacturing Co. | www.murata.com

LM317 Voltage regulators

Texas Instruments, Inc. | www.ti.com
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by Robin Brophy (USA)

eDASH
A Virtual Dashboard Using OBD-Il

eDASH is a virtual car dashboard that utilizes the OBD-Il port and enables
you to scan many different engine functions. The dashboard can be easily
constructed for OBD-Il-compatible vehicles using readily available modules.

his article describes the construction of an electronic

car dashboard utilizing the OBD-II port. The project
makes use of readily available modules that allow for
easy assembly by the DIYer. It enables you to monitor
various engine parameters and view or reset any diagnos-
tic trouble codes. I call my project eDASH (see Photo 1).

The project started nearly 20 years ago when the

speedometer on my car stopped working. A self-pro-
claimed gearhead with a degree in electronic engineering,
I get a little giddy when I can combine those two fields.
So, instead of trying to fix the broken speedometer, I fig-
ured I would build a digital one. I used a Motorola
MC68705 microcontroller, a three-digit seven-segment

LED display, a Hall effect sensor, and two magnets
strapped onto the drive shaft to create the digital
speedometer. After that, I had visions of a complete digi-
tal dashboard. Remember the 1980s television show
Knight Rider and the car, KITT? That is the kind of car I
wanted. However, interfacing to all the different signals I
wanted would involve installing custom transducers, a
lot of analog circuitry, and a complete rewiring of the
car. Needless to say, that vision didn’t go very far.

Fast forward a few years, when I discovered that Gener-
al Motors had an assembly line diagnostic link (ALDL)
connector on most of their vehicles starting in the mid-
1980s. There is certain data available via this connector.
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Photo 1—The top (a) and bottom (b) of the eDASH virtual dashboard
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I found a software program called
WinALDL and a schematic for a Vehicle OBD-II port
cable. T happened to have an ’86 1

Camaro sitting in the garage, so I
made a cable, hooked it up, and was

microOBD
OBD-Il interpreter

able to scan some data. But, it was 1

rather inconvenient having a laptop
sliding around in the car. I thought
about building an interface with a
dedicated display, but after more
research, I realized that just about
every different car model had a
slightly different interface. This didn’t
allow for a generic interface, so this

UBW32
Microcontroller

getting tangled up—you know how
tangled phone cords can be, almost as
bad as lost TV remotes.

The processors used in the later
versions were surface-mount devices,
which made it somewhat difficult to
prototype. The OBD-II vehicle inter-
face itself requires approximately 40
discrete components in order to cover
all the different manufacturers’
schemes. I ended up having to etch
circuit boards for three different ver-
sions of the project in order to test
them; there was no easy way to

320 x 240 Color LCD
Touchscreen

SD Card

EEPROM

idea didn’t go very far, either.

breadboard them.

Fast forward a few more years, when
I discovered Elm Electronics’s ELM327
OBD-t0-RS-232 interpreter. OBD-II is a
government-mandated standard that U.S. cars were required
to comply with starting in 1996. The OBD-II standard basi-
cally states that car manufacturers must make certain oper-
ating parameters available for monitoring via a standard
connector and protocol. These parameters were mainly
related to emissions equipment, but basic functions such as
speed, RPM, and temperature were also included. Even
though there was a standard on the top layer, the lower
layer was open, so each car manufacturer came up with its
own interface scheme. The ELM327 interpreter took care of
translating all the different schemes into a common lan-
guage and essentially made every U.S. car manufactured
after 1996 look like a serial port. There were commercially
available interface units that utilized the ELM327 inter-
preter, but they all used software that ran on laptops. I
learned my lesson earlier and swore I would not use a lap-
top. I wanted a standalone scanner with a display and input
device. No computer!

I soon obtained an
ELM327 interpreter and
built a prototype OBD-II
scanner using a Parallax
BASIC Stamp microcon-
troller, a 7” composite
video monitor from a
portable DVD player, a
serial-to-NTSC video mod-
ule, and a TV infrared remote. This proved that the con-
cept of monitoring data on the OBD-II port was feasible,
but I soon ran out of memory on the BASIC Stamp. The
next version involved a Microchip Technology
PIC18F2620 microcontroller, a Maxim Integrated Products
MAX7456 single-channel monochrome on-screen display
(OSD) generator, and, again, a composite monitor with a
TV remote. The problems with this version were the TV
remote was always getting lost and it was not easy to find
a place to mount the video monitor. The next version used
a bigger PIC, a 128 x 64 monochrome graphic LCD, and a
small five-button pendant wired with a phone cord. On
this unit, the display was limited and the pendant kept

www.circuitcellar.com = CIRCUIT CELLAR®

Figure 1—A block diagram of the project

“Using a modular approach, it is
easy to construct a monitor for an
OBD-II-compatible vehicle that

enables you to scan many different
engine functions.”

The ultimate goal was to have
something about the size of a GPS
navigator with a color touchscreen. It
had to be easy to build, which meant no surface-mount
components, if possible. With the proliferation of MP3
players and cell phones, a supply of color LCD touch-
screens is now available to amateurs and professionals
alike. The last piece of the puzzle was a ScanTool.net
microOBD 200, which is a complete ELM327-compatible
OBD-II interpreter and interface in a standard 24-pin DIP
footprint. The microOBD drastically reduces the number of
discrete components required and therefore simplifies con-
struction.

DISPLAY & DEVELOPMENT BOARD

The display module is a Gravitech 320 x 240 color LCD
with a touchscreen. The module also contains a touch-
screen controller as well as some buffer chips and a back-
light driver. The physical connection to the display is with
a 12” x 2.1” header. The software interface to the touch
controller is via a SPI port.
An 8-bit bidirectional par-
allel port along with sever-
al control lines connects to
the display itself.

I chose a SparkFun Elec-
tronics UBW32 USB 32-bit
whacker development
board which contains a
PIC32MX795 processor, an
oscillator, 3.3- and 5-V power regulators, five LEDS, three
pushbuttons, and a USB bootloader. The UBW32 has all of
the processor pins brought to the edge of the board for
easy connection with 0.1” headers. The PIC32MX795 is a
100-pin surface-mount device, so having the chip already
mounted on a circuit board is a lifesaver. The UBW32 is
basically a breakout board for the PIC. I considered some
other single-board solutions, but most carry too much
baggage trying to be too versatile. The UBW32 is a nice,
simple board that is easy to use. A side benefit of using a
PIC chip is that the MPLAB IDE and C compiler are
completely free!

The microOBD module contains the OBD-II interpreter
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Figure 2—This schematic is for prototype testing. It has minimal filtering and protection. A later version will include a fuse and an LC filter.

as well as all the discrete components necessary for
interfacing to the vehicle OBD-II diagnostic connector.
Even though OBD-II is a standard, each manufacturer is
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such as VPW, KPW, and CAN. Along
with different electrical wiring there
is also different software involved.
The microOBD takes care of all
these headaches and makes every
car, no matter what the manufactur-
er is, appear identical to the applica-
tion program. The UBW32 connects
to the microOBD with a TTL serial
port. The application program talks
to the vehicle by sending PID
requests to the engine control unit
(ECU). The ECU then responds with
the desired data. For example, if you
want to know the vehicle speed,
send the string “01 0D” to the
microOBD. The microOBD trans-
lates the request, sends it to the
vehicle ECU, waits for the ECU
response, translates it, and sends a
response such as, “41 0D 32” to the
application program, where “32” is
the scaled vehicle speed.

A SparkFun Electronics 256-Kb I>)C
EEPROM is used for nonvolatile stor-
age of various configuration settings.
The interface to the EEPROM is via an
I’C port. An SD card socket is used for
data logging storage. A handful of resis-
tors, diodes, and a SparkFun buzzer
round out the required components.

The 3.3- and 5-V power regulators
on the UBW32 are used to power the
entire project and the 5-V regulator is
powered from the 12-V vehicle power
through the OBD-II connector P1. Feed-
ing a 5-V linear regulator with 12 Vis a
recipe for heat generation if there is
much current involved. There are sev-

eral diodes used to drop the 12-V vehi-

cle power to around 8 V for feeding
the 5-V regulator on the UBW32. The
display has an LED backlight that can
draw almost 100 mA at full bright-
ness. At that kind of current, the 5-V
regulator on the UBW32 got a little
toasty when running at 12 V on the
input, which is why the dropping
diodes were added. A PWM output is
used to drive the backlight so that the
intensity can be varied, which helps
lower the current requirements. A
block diagram of the project is shown
in Figure 1.

Warning: an automobile power sys-

tem can be a very nasty environ-
ment. Alternator noise and high-
voltage spikes are not uncommon.

www.circuitcellar.com = CIRCUIT CELLAR®

The schematic is for prototype test-
ing and has minimal filtering and
protection (see Figure 2). A fuse and
some type of LC filter will be added
in a later version.

PROTOTYPE ASSEMBLY

The prototype was constructed on
a4.5” x 6.25"” piece of 0.1” perfboard
with copper pads on one side. Stan-
dard wire wrap techniques were used
to connect the modules. Photo 1a
shows a picture of the top of the

board and Photo 1b shows the bot-
tom of the board. Header pins were
soldered onto the display module and
the UBW32, then the modules were
soldered onto the perfboard. A stan-
dard 24-pin DIP wire-wrap socket
was used to hold the microOBD
module. Note that the SD socket
was mounted on the bottom of the
board so it could be soldered to the
copper pads as a way to physically
mount it. The pins on the SD socket
are not exactly 0.1” on center, but

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
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Snp*nml)cr 2011 - lssuc 254

_
&)


http://www.circuitcellar.com
http://www.expresspcb.com

<
el
N
o
=
7]
]
—_—
|
—
—
=
N
=
o
ot
£
=
I
-
f=
o
w

View Screen 3
RPM 8000

Monitor

Plot 5 SPEED 29 Bl Trouble Codes |

e
d)120 )MIL is ON )Mph 7] Rom: 1524
Codes: 6 Arr: 29.7 Fuel:
- PO100 Load: 19 TPS: N/A
Vol TN P0200 .
N wpG ins: ] 27
MPH | / N
- ~ woG sov ] 27
LA Clear
\ A e S WG Lov: ] 20
0 50
; Ext

Vlew Screen

[3]4)]
B REl

SPEED

FUEL ECONOMY

Touch here to exit

they were close
enough to be
soldered onto
the pads. The
OBD-II cable
was hardwired
to the board,
but a cable
with a DB9
connector is also available and could be used with a corre-
sponding DB9 connector on the board, if desired.

SOFTWARE & OPERATION

The software is written completely in C and is com-
piled with Microchip’s MPLAB compiler. It is a collec-
tion of pieces from different sources as well as my own
work over several years of evolution. It’s a constantly
moving target. [ am a self-taught programmer, so if you
choose to use my code, please use it only as a guide, it is
far from optimized.

The software can be broken down into a few main parts
that correspond to the hardware modules: text and graph-
ics functions, EEPROM read and write functions, OBD
commands and responses, touchscreen scanning and coor-
dinate calculation, SPI functions for the SD card interface,
and a FAT file system.

The unit is set up with 16 user-configurable monitor
screens and several preprogrammed screens, as well as
some diagnostic tools and utilities. On each configurable
monitor screen up to six variables can be shown, depend-
ing upon what type of screen is selected. You can choose
the type of display parameters shown. There are five dif-
ferent types of monitor screens to choose from.

It was difficult to get good quality pictures of the various

Photo 2—5Screenshots of the menus, sample view screens, and some of the other tools

display screens for this article. They were either out of
focus or they would have a glare spot. As a workaround,
a utility function was written that captures the pixel
data on the screen and writes it to a bitmap file on the
SD card. Now the screen prints are crystal clear, which
shows how versatile the hardware is. At this point, the
screens are rather plain looking, which is probably due to
the fact that I don’t have a single artistic bone in my
body. With a little effort and artistic talent they could be
dressed up a bit. The border for the circular gages was
actually drawn with Inkscape and converted to an .h file
for displaying on the LCD, so there are possibilities for
improvement.

One of the preprogrammed screens is used for monitor-
ing fuel economy. It shows speed, RPM, load, mass air-
flow, and calculated fuel usage in miles per gallon (MPG).
With the ever-rising price of gas, this screen comes in
handy when trying to squeeze out a little more MPG.

Another screen gives you access to the malfunction
indicator lamp (MIL) status. If the Check Engine light in
your car comes on, you can use the scanner to retrieve the
trouble codes and turn off the MIL, if desired.

There is a HyperTerminal-type utility that enables
direct interaction with the microOBD module by issuing
an AT/ST command and displaying the response. The
scanner is also useful as a diagnostic tool. Watching the
long- and short-term fuel trim values can help diagnose
injector issues. Photo 2 shows screenshots of the menus,
sample view screens, and some of the other tools.

WHAT'S NEXT?

Items on the to do list include adding a realtime clock/cal-
endar backed up with a super capacitor, a mass storage
device driver so log files can be easily transferred to a PC, a
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power manager to put the entire unit into low-power mode,
and power supply protection and filtering.

In conclusion, using a modular approach, it is easy to
construct a monitor for an OBD-II-compatible vehicle that
enables you to scan many different engine functions. &l

Robin Brophy (myedash@yahoo.com) has a BSEE and an
MSEE from North Dakota State University. He currently works
in instrumentation and process control.

PROJECT FILES
To download the code, go to ftp://ftp.circuitcellar.com/
pub/Circuit_Cellar/2011/254.

RESOURCES

Electronic Lives Manufacturing, FatFs Generic FAT

File System Module, http://elm-chan.org/fsw/ff/00index

_e.html.

Inkscape, Open Source Scalable Vector Graphics Editor,
http://inkscape.org.

ScanTool.net, “User Guide ECUsim 2000 Multiproto-
col Software Configurable OBD-II ECU Simulator,”
2000, www.scantool.net/scantool/downloads/101/
ecusim_2000-ug.pdf.
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SOURCES
WinALDL ALDL reader
Jonas Bylund | http://winaldl.joby.se

ELM327 OBD-to-RS-232 Interpreter
Elm Electronics, Inc. | www.elmelectronics.com

Motorola MC68705 microcontroller
Freescale Semiconductor, Inc. | www.freescale.com

TFT Color LCD
Gravitech | www.gravitech.us

MAX7456 On-screen display (OSD) generator

Maxim Integrated Products | www.maxim-ic.com

PIC18F2620 Microcontroller
Microchip Technology, Inc. | www.microchip.com

BASIC Stamp microcontroller
Parallax, Inc. | www.paralax.com

microOBD 200 microcontroller and OBD cable
ScanTool.net | www.scantool.net

UBW32 USB 32-bit Whacker, PIC32MX795
development board, I?*C EEPROM, and Buzzer
SparkFun Electronics | www.sparkfun.com
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vanced CAN library of intuitive and simple-to-use functions to encourage programming with
easy and comfortable development of CAN networks.

260 pages * ISBN 978-1-907920-04-2 * $47.60
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LabWorX: Straight from the Lab to your Brain
Mastering the I2C Bus

Mastering the I2C Bus is the first book in the
LabWorX collection. It takes you on an explora-
tory journey of the I2C Bus and its applications.
Besides the Bus protocol plenty of attention is
given to the practical applications and design-
ing a solid system. The most common I2C com-
patible chip classes are covered in detail. Two
experimentation boards are available that allow
for rapid prototype development. These are
completed by aUSB to I2C probe and a software
framework to control 12C devices from your

computer.

248 pages ° ISBN 978-0-905705-98-9 * $47.60

Linux.....

Measurement Electronics

s

Linux-based applications

Linux - PC-based
Measurement Electronics

If you want to learn how to quickly build Linux-
based applications able to collect, process
and display data on a PC from various analog
and digital sensors, how to control circuitry
attached to a computer, then even how to pass
data via a network or control your embedded
system wirelessly and more - then this is the
book for you! Both hardware and software
aspects of designing typical embedded systems
are covered in detail with schematics, code
listings and full descriptions.

264 pages °* ISBN 978-1-907920-03-5 « $47.60
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Elektor’s Components Database
cp ECD 6

This CD-ROM gives you easy access to design
data for over 70,000 components! The pro-
gram package consists of eight databanks
covering ICs, transistors, diodes and opto-
couplers. A further eleven applications cover
the calculation of, for example, zener diode
series resistors, voltage requlators, voltage
dividers and AMV’s. A colour band decoder
isincluded for determining resistor and induc
tor values. All databank applications are fully
interactive, allowing the user to add, edit and
complete component data. This CD-ROM is a
must-have for all Electronics enthusiasts!

ISBN 978-90-5381-258-7 * $40.20

1001 %

. cireuits, ideas,
tips and tricks
from Elektor

Circuits, ideas, tips and tricks from Elektor
¢D 1001 Circuits

This CD-ROM contains more than 1000 circuits,
ideas, tips and tricks from the Summer Curcuits
issues 2001-2010 of Elektor, supplemented
with various other small projects, including all
circuitdiagrams, descriptions, component lists
and full-sized layouts. The articles are grouped
alphabetically in nine different sections: audio
& video, computer & microcontroller, hobby &
modelling, home & garden, high frequency,
power supply, robotics, test & measurement
and of course a section miscellaneous for
everything that didn’t fit in one of the other
sections. Texts and component lists may be
searched with the search function of Adobe
Reader.

ISBN 978-1-907920-06-6 * $55.70

All articles in Elektor Volume 2010
pvD Elektor 2010

This DVD-ROM contains all editorial articles
published in Volume 2010 of the English,
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 available to
locate keywords in any article. With this
DVD you can also produce hard copy of PCB
layouts at printer resolution, adapt PCB lay-
outs using your favourite graphics program,
zoom in | out on selected PCB areas and
export circuit diagrams and illustrations to
other programs.

ISBN 978-90-5381-267-9 * $37.90

Elektor is more
than just your favorite
electronics magazine.
It’s your one-stop shop

for Elektor Books,
CDs, DVDs,
Kits & Modules
and much more!

www.elektor.com|shop

gektor

Elektor US

PO Box 180

Vernon, CT 06066

USA

Phone: 860-875-2199

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

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 mea-
suring range of 2000 pF, which isa 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 Cdoes afar
better job. Beating many DMMs hands down,
this little instrument easily measures capaci-
tances down to fractions of a picofarad.

Kit of parts incl. Elektor Project Case,
programmed microcontroller, LCD and PCB

The cheapest way to diagnose faults on a

modern car is to connect its OBD-Il interface
toa(notebook) PC running suitable diagnos-
tics 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 inter-
face with a radio interface to a PC: this home-
brew solution allows the choice of using either
Bluetooth or ZigBee.

OBD-lI-Zigbee or Bluetooth inferface kit with

all parts and enclosure


http://www.elektor.com/shop
mailto:order@elektor.com

September 2011 — Issue 254

O
=]

IESSONS FROMTUETRENCHES v ceorgetartn w5y

Design Development (Part 3)

Software Design

The first and second parts of this series described a process for using
C code and schematic-capture software to design a new product. Now
it's time to delve deeper into software design—more specifically, the

unified modeling language (UML).

programmer, an engineer, and a

philosopher were questioning who
had the oldest profession. The engineer claimed
his profession was the oldest because the cre-
ation of the heavens and earth was certainly an
act of engineering. After a bit, the philosopher
spoke up. His claim was that before the heavens
and earth there was chaos, and out of that, order
was created—an act of philosophy if ever there
was one. After a bit more time had passed, the
programmer spoke up and said, “Ah yes, but do
you know who created that chaos?”

This is a great description of where we are in
our product design—namely chaos. We've got
some parts identified, some requirements seem-
ingly pinned down, and a number of schematics
left blank. You’ll notice I have not drawn a
schematic for the power supply, the USB/Ether-
net interface, or the CPU. We don’t know enough
about those parts of the design to make any
informed selections yet. So, I'm putting them off
until later. This is a design technique I've seen
described as the “marana technique.” Mafiana
is Spanish for “tomorrow.” You have probably
heard of “Top Down” or “Bottom Up?”

UNIFIED MODELING LANGUAGE

Just as we took the requirements and created
schematics for each, let’s take the schematics and
the requirements and create a software design
using Unified Modeling Language (UML). I've
written about using UML before and there have
been several articles in Circuit Cellar about it.
Look them up. There’s a lot of value in adopting
these tools.

Starting with the temperature and humidity
sensor, I created several routines (see Table 1).
Well, here we are—more chaos. I tried to take the
simple step of defining the temperature and
humidity interface routines and I've got more
questions than answers. Look at the return val-
ues for reading the temperature and humidity.
They are integers. That implies temperature in
degrees Fahrenheit but no decimal information.
The temperature can go negative and UINT16
doesn’t provide for that. Is temperature to the
integer degree acceptable for this project? It’s not
in the requirements. Same for humidity, only
integer values are reported. If this were a real
project with a paying customer, I would start a

Well, mariana puts off decision making.

Routine

Passed parameter | Return parameter

The theory is that as you work on the

InitTHSensor None INT16 Status

design more of it will be understood and
better decisions can be made. I've been

ReadTemperature | None

UINIT16 TempDegreesF

reluctant to talk about the mafiana tech- ReadHumidity None INT16 Humidity
nique because it sounds like a poor (lazy) PowerUpSensor None None
PowerDownSensor | None None

approach, but I find it works fairly well.
Let’s see how it unfolds with this project.

Table 1—Unified Modeling Language routines

CIRCUIT CELLAR® = www.circuitcellar.com
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list of questions and state- T ——— e get described in our design. I
ments (or decisions) and put : : usually keep copies of the RTC
+nitTHSensor() : INT16 Status +InitClock()
1 1 +ReadTe¢ ture() : UINT16 Te D = +SetDate() 1 1
these two items on that list. If o RO 2 josbeey data in RAM, a time structure
+PowerUpSensor() : void +ReporiDate() ;
we need temperature to tenths e Lo Ty the C wants to work with, and
of degrees Fahrenheit, now is I —— routines that convert from one
the time to find this out. It to the other. I don’t think we
affects the routine, the data- Prevr—— B REG need to get to that in this first
7
baseI the repOrtS generated, +|nilAccSef\sor():lNT16 Status +InitPressureSensor() : INT16 Status ) paSS Of the software. You 11 see
and probably a lot more. e e A DA RIS RECT A more of this later on.
f ve b di +ReadZAxis() : INT16 Gees
I you've been reading my +SetXAxsLimit( GeeLimit: INT16 )
+SetYAxisLimit( GeeLimit: INT16 )
columns, you may have +SZtZAzi:L:::t( GZZL:::MNTm) SE”SOR ROUT' H ES
noticed that I have never Remember, we have a three-
talked about floating-point axis accelerometer as part of
numbers in the C language. bata aytes the design. That device can
They do exist as data type in St ; report the acceleration in each
Y Yp 2. Time 2 p
. 3. 2 .
the language. But I find that a 3 Homiaity 2 of the three axes. But it can
. . 5. Acceleration X 2 . .
lot of code is required at run 6. Acceleration Y 2 also generate an interrupt if the
. 7. Acceleration Z 2 . . ..
time to support them. If we 8. Pressurepltitude 2 acceleration in an axis is above
otal
needed to represent tempera- a set value. I created a routine
ture in 0.1° it would probably , to initialize the sensor and rou-
require that we use floating- o — Batiory Backed Up Ram tines to read each axis. I also
. . , . . .
point routines. I'm going to try e e F:reated routm.es to set the lim-
not to use them. Unless you Tl pliripee its for each axis. I suspect we
really require support for float- il BTy won't be able to know the ori-
Yy req pp +CloseFile()
ing-point variables, don’t use entation of the unit, so setting
them and you won'’t pull in the limit will be one routine
the libraries and link to them.  Figure 1—I used MagicDraw to generate planned operations and the same limit will be set

We could represent tempera-
ture as TempInTenthsOfDegF
and Humidity as HumidityIn
TenthsOfPercent and then save that in
our databases in a binary format. The
least-significant bit (LSB) would repre-
sent one-tenth of a degree. The report-
ing program would have to do the con-
version. The reporting program is proba-
bly running on a PC or equivalent and
has the horsepower to perform that con-
version. So this might be an option if
tenths of degrees are required.

Also, you'll notice the PowerUp
Sensor() and PowerDownSensor()
routines. That’s not in the require-
ments, but many of these sensors
most likely have a Sleep or Low-
power mode. If not, we could always
add a high side switch on the power to
the sensor. I bet the less power we use
the longer we will be able to run, and
that will make for a better product.

It’s surprising how much we have
uncovered without reading the compo-
nent datasheets very closely. All we
did was to create a place to write down
the planned operations (UML dia-
grams) and we flushed out several
issues (see Figure 1). We could have
just started coding and run into these

(Unified Modeling Language diagrams)

same questions at a later date, but that’s
no longer an efficient method of design.

REAL-TIME CLOCK

Let’s take the same steps for the
real-time clock (RTC) integrated cir-
cuit (IC). We need to initialize the
clock chip and get a report of its sta-
tus. This status should tell us if the
clock has a valid date and if it has
ever lost track of its time. Check the
datasheet to see if those features are
available. If not, I would move to
another chip because our product
needs this type of information. I have
separate routines to set the date and
time. It’s a lot of typing for the user to
enter the date and time in one com-
mand. With a lot of data to send, the
process slows down and that means
more delays. By separating them, you
have less data to enter and less delay,
so the clock setting more accurately
matches the source setting.

Date and time are supported in the C
language. There’s much to read online.
(Refer to the Resource at the end of this
column.) I suspect there will be some
time and data structures that eventually

for each axis. The reading of all

three axes could be done in one
routine, but then I would pass a pointer
to an array for the data and let the rou-
tine fill in the values. It may come to
this, but until then, let’s use the three
separate routines I've defined.

For this sensor I've added an Initial-
ization routine and a routine that
reads the pressure altitude. Hopefully,
this would be in feet above sea level.
I'm not sure if we can do this, but let’s
try this approach for now.

NOTES & LOOSE ENDS

I added a note to our UML diagram
listing the data that is to be saved. It’s
a first pass at the data we are gather-
ing for each reading. I'm envisioning
that each time we take a reading we’ll
collect and save all the readings.

There are several items missing. We
haven’t selected a microcontroller,
looked at the USB/Ethernet interface,
or done the power supply, and we don’t
have a memory card. And, I talked
about an On/Off switch earlier, which
we also don’t have. Well, this is a
series of articles on design develop-
ment, and this is how I do the designs.
We don’t know enough about these
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missing topics to make solid decisions
yet. That will depend on how much
data we have to move about the sys-
tem. Let’s look at that next, and I bet
several of these issues will clear up:
the marana design technique at work.

DATA RECORDS

One key area is how much data we
are going to save. Let’s start with a sim-
ple first-pass approach. From the notes
in the UML diagram, I created a list of
parameters (see Figure 2). For a first
attempt, [ want to make up a record
that is all ASCII characters and easy for
the human to read (see Figure 3).

Each variable is readable engineer-
ing units. We can save this data record
to memory or print it out in exactly
the same format. I'm not sure what
units acceleration will be recorded as
and I think pressure altitude should be
in feet. I put the spaces in between
each variable for the article. You could
probably delete them in the data as
it’s saved and probably not make it
too confusing. I suspect some readers
may be wondering, why not pack the
data into binary, as shown in the
UML? Well, we can always do that,
but for now, I believe it’s easier for us
humans to work with the data in this
form. So, the data we save, print, plot,
and transfer is all readable ASCII. Yes,
it consumes more space, but for now,
it will make debugging a whole lot
easier. We can always use different
bit-packing formats to save space.

How often should we record the
data? The easy answer is: whenever it
changes. But again, for a start, let’s say
every 6 s. That’s 10 per minute and
about 31 bytes per record. So 310 bytes
per minute (i.e., 310 x 60 = 18,600 bytes
per hour or 18,600 x 24 = 446,400 bytes
per day). That does not seem like a lot
of data, but as we get further into this
design, we might be surprised. For now,
this data record seems to work.

The acceleration is two decimal dig-
its. The transducer has 6 bits of data
per axis and we can select the meas-
urement range to be + 2, 4, or 8 g. That
6-bit resolution is + 32 counts decimal
and that 32 counts can represent 2, 4,
or 8 g. So, there is a decision to make
about the data record. Should we save
the transducer reading (counts) or the

Parameter Bytes
1. Date 4
2. Time 2
3. Temperature 2
4. Humidity 2
5. Acceleration X 2orl
6. Acceleration Y 2orl
7. Acceleration Z 2orl
8. PressureAltitude 2
Total 18 Bytes

Flgure 2—A list of parameters created from the
notes in the Unified Modeling Language diagram

engineering units (g). Let’s postpone
that decision. For now, we’ll just save
the room for either. That probably
means adding a + or — sign to the data
array for each of the three axes.

The datasheet for Bosch Sensortec’s
BMPO085 digital pressure sensor gives the
range as “300 ... 1,100 hPa (+9,000 m ...
-500 m above sea level).” If we're using
English units, this would be about
30,000’ to —1,640’ above sea level. I'm
suggesting we just record to the nearest
100". So, 30,000’ becomes 300’ and
-1,640" becomes —16’. So, the three-digit
format looks like it will work.

DATA TRANSFER & RECORDING

If we had to transfer one week of
data, we would have 3,124,800 (i.e.,
446,400 x 7) bytes of data to transfer.
USB 2.0 can operate at 20 MBps, so
USB is a candidate for communica-
tions. Ethernet (100BaseT) is 100 Mbps
or 12 MBps maximum. Let’s assume
50% 1is available for our transfer. So,
that gives us a transfer rate of 6 MBps
and our week’s worth of data will
transfer in less than 1 s. I'm not exact-
ly sure what the speed requirements
for transferring the data are. But less
than 1 s for a week’s worth of data
should be acceptable. Remember,
that’s a new reading every 6 s. And,
our data is printable ASCII characters;
no data compression.

Another big part of the performance
of the system will be reading and writ-
ing data to and from the memory card.
Let’s start by looking at the SD type of
memory cards. I suspect these will
meet our requirements and we will not
need to go to the CompactFlash (CF)
with its parallel data bus. Our week of
data is 3.3 MB. A quick search online
shows that a 2-GB card costs $8 and a
4-GB card costs $15. The smaller cards
are starting to rise in price, so we
should probably start with the 4-GB

CIRCUIT CELLAR® = www.circuitcellar.com
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Figure 3—An easily readable record made up of ASCIl characters

cards. Cards in capacity of up to 4 GB use the FAT16 format.
You should read up on this to get an understanding of the
issues. FAT12 was the first released followed by FAT16. As
drives grow larger we need different formats to access all the
drive space. Then we also have long file names to consider.
We could spend several articles just talking about drives and
formats. For now let’s just stick with FAT16. We won't create
or delete files using long file names but someone could have
put a long file name of the memory card so we need to deal
with them. The same issues are probably true for directories.
Let’s also keep our file system simple by naming a file
for the date. So, 3BMAR2011.txt is the file we will write all
the data into for the date of March 3, 2011. While the date
is 3 March 2011, we check to see if the file exists. If it
does, we simply append the data; if it does not, we create
the file and the first data record. So, for a week of running,
we’ll have seven files (one for each day) that hold all the
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data. Each file will be 446,400 bytes in size or perhaps
smaller. Changing cards on the fly can then be done any-
time throughout the day.

Now we need to check to see if the file exists and, if so,
append our new data to the end of the file. This operation
will be time consuming (time consuming in our embedded
time frame). I don’t want to gather data and then write it
to SD memory. Performing these tasks in sequence will
take too much time. Remember, gathering data may
include powering up the transducers and waiting for them
to stabilize. So, I think we should have some memory that
can hold the data even if the CPU goes to sleep. Then,
gathering the data will be running in parallel with writing
to SD memory. This approach just uncovered several addi-
tional requirements. We need two serial interface ports (I>C
or SPI), one port for the transducers and one port for the SD
memory. We need memory that will hold data while the
CPU goes to sleep. We need a file system with FAT16 sup-
port and possibly FAT32 support for the future. We need to
run the two operations in parallel so an RTOS is probably
in our future. Interesting how we flushed out these require-
ments by just designing with paper and pencil.

CONCLUDING THIS PHASE

I added the file operations to the UML diagram in the
File System block. I also added what I thought would be
routines we would need to interface to “battery backed-up
RAM” and put that on the UML diagram. The UML dia-
gram is starting to take shape. It’s still very rough, but a
design is starting to appear.

Next time, we'll look at processors and interfacing to the
transducers in more detail. Until then, read up about support
for time in the C language. &l

George Martin (gmm>50@att.net) began his career in the aero-
space industry in 1969. After five years at a real job, he set out
on his own and co-founded a design and manufacturing firm
(www.embedded-designer.com). His designs typically include
servo-motion control, graphical input and output, data acquisi-
tion, and remote control systems. George is a charter member
of the Ciarcia Design Works Team. He is currently working on a
mobile communications system that announces highway infor-
mation. He is also a nationally ranked revolver shooter.

RESOURCE

The University of Utah, School of Computing, “The
GNU C Library Reference Manual,” The GNU C
Library, www.cs.utah.edu/dept/old/texinfo/
glibc-manual-0.02/library_19.html, 1993.

SOURCES
BMPO085 Digital pressure sensor
Bosch Sensortec | www.bosch-sensortec.com

MagicDraw Software modeling tool
No Magic, Inc. | www.nomagic.com
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by Richard Wotiz (USA)

mbedded Unveiled

“Embedded Unveiled” is a new bimonthly column devoted to embedded
technology in real-world applications.
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Linear Positioners

This column presents the inner workings of linear positioners—specifically
media drives. Here you learn how exploring the linear electromagnetic actuator
of a removable media drive breathed new life into an aging CD player.

elcome to Embedded Unveiled! I'm

excited about sharing with you an
exploration into the inner workings of real sys-
tems. I'll be tearing apart perfectly good prod-
ucts to see, in great detail, how they work. This
won’t be anything like the static teardowns you
may have seen elsewhere. I'll be showing the
product in operation and discussing the theory
behind some interesting aspect of its design. I'll
be on the lookout for particularly clever or
unusual technologies.

Much of what I learned about electronics
when I was younger came from opening up off-
the-shelf products and trying to figure out how
they worked. It really helped me when it came
time for a formal engineering education, since I
found it much easier to understand the theory
when I had already had some exposure to the
practice. I hope this column can continue that
journey for me and will inspire you to learn
something new from an in-depth look at what
others have designed.

This first column provides a detailed look
at linear positioners. I'll be exploring the
innards of removable media drives and how
their magnetic or optical heads follow the
data tracks on the media. Then I'll focus on a
linear electromagnetic actuator that’s used in
a CD player. I'll cover the player’s entire
tracking system and show it in operation dur-
ing various normal and adverse conditions. If
you’re wondering how I happened to choose
this topic, read on!

I recently noticed that my home CD player
wasn’t working too well. It would occasionally
skip when playing the higher numbered tracks
on a disc. I shouldn’t have been too surprised,
given its age, since I had bought it more than
25 years ago in the days when CDs were still
competing with vinyl records. But, the player
seemed like it was built sturdily enough to
last a long time, so I figured it was time to
take a look inside and see if I could fix the
problem. I took off the cover and realized it

Media Tracks per inch RPM (1x speed) Run time (1x speed) Tracking method
Phonograph record 150-300 33113 15-30 minutes Groove

Floppy disk 48-135 300 or 360 Stepper motor

CD 15,875 480-210 74 minutes Linear actuator and
DVD I 34,325 1,530-630 60 minutes voice coil positioner
Blu-ray disk © 79,375 1,957-810 90 minutes

Table 1—Track geometries and positioning methods for some common removable media. The RPM ranges are for
constant linear velocity (CLV) operation, where the drive starts at the maximum speed and gradually slows down as
it progresses. Although the RPM and run times are for 1x speed, most optical disk drives run considerably faster.
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had been a while since I had worked on anything so
mechanically complex. As I tried to understand where the
problem was, I became intrigued with how the tracking
mechanism worked.

A HISTORY OF MEDIA

I was curious about how linear head-tracking systems for
removable media have evolved over the years as data densi-
ty has increased. Table 1 shows parameters for some of the
more common media, and Photo 1 shows the head posi-
tioning mechanisms for several different drives. Floppy
drives use an open-loop stepper motor to navigate between
tracks. Their low track density doesn’t require much preci-
sion, and a simple leadscrew or cam does the job. Photo 1a
shows the mechanism of a 5 %4” drive from the early 1980s.
If you look closely, you can see a spiral track on the large
white gear that converts the stepper’s rotary motion to a
linear position to move the head.

The much higher track density of optical disks
required a change from open-loop steppers to a closed-
loop servo tracking system. A typical CD or DVD drive
has two different head positioning systems. The first is a
coarse positioner that moves a carriage or sled contain-
ing the entire optical pickup assembly. This is similar to
the mechanism in a floppy drive. It isn’t accurate
enough to zero in on a particular track, but it can move
from one end of the disk to the other. Different drives
implement this positioner in different ways. It can be a
linear voice coil actuator, or it can be a DC or stepper
motor. Photo 1b shows a stepper motor with a worm
drive. The tiny motor is almost hidden under four solder
blobs at the top left above the much larger spindle
motor. You can see the angled threads of the shiny
worm gear just below the upper printed circuit board
(PCB). The mechanism in Photo 1c uses an ordinary DC
motor at the upper right driving several gears. There'’s a

www.circuitcellar.com = CIRCUIT CELLAR®

Photo 1—Head positioner mechanisms for some of the drives | had
on hand. a—A 5%" floppy drive from the early 1980s. b—A 10-year-
old DVD player. c—A laptop computer DVD drive.

position encoder sandwiched between the motor and the
first gear that’s barely visible in the photo.

In addition to the sled positioner, the optical pickup head
always contains two miniature electromagnetic voice coil
actuators. One controls the laser beam’s focus and the
other is the fine-tracking positioner. Both have springs so
they will return to center when current is removed. The
tracking positioner can move the optical pickup to the
exact location of a particular track. It’s much faster than
the sled mechanism and can easily follow any slight varia-
tion in the track position as the disk rotates. But, its range
is limited, so the sled first has to get the pickup head rea-
sonably close to the desired track.

MAGNETIC FORCE

My CD player’s drive mechanism uses a linear voice
coil actuator as a sled positioner (see Photo 2). Figure 1
shows its operation in more detail. The actuator consists
of a ferrous metal frame holding a pair of permanent
magnets. The magnets create a magnetic field, known as
a B field, with flux lines that exit at the North Pole,

Photo 2—The CD player’s sled is the horizontal structure that slides
vertically along a track. The linear actuator’s drive coil and its two bar
madnets are toward the right. The small blue coil and single magnet
at the left are the sled speed sensor. The optical head isn't visible
here, it's mounted on the opposite side of the sled.
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Figure 1—Top view of the linear actuator. The solid arrows are magnetic flux lines, which point
from north to south. The dashed arrows show the force exerted on the coil. The direction of
the force is determined by the polarity of the coil current.

cross the air gap to the center part of
the frame, and then follow the frame
back around to the South Pole. A
drive coil that’s attached to the sled
straddles the center rail. Current
flowing through the coil will cause it
to move in either direction, depend-
ing on the applied polarity. The
movement results from the Lorentz
force, which is a force on a current-
carrying conductor when it’s in a
magnetic field. The force is always
perpendicular to both the current
flow and the B field. When a voltage
is applied to the coil, the current
flowing in the segments of wire that
are perpendicular to the B field will
result in a force on the coil parallel
to the center rail, as shown by the F
arrows. This moves the sled in the
desired direction.

Dutch physicist Hendrik Lorentz
first quantified the Lorentz force in

1892. He determined the formula that
represents the force on a charged par-
ticle due to electric and magnetic
fields: F = q [E + (v x B)], where F is
the force vector in newtons, q is the
particle’s electric charge in coulombs,
E is the electric field vector in volts
per meter, v is the particle velocity in
meters per second, B is the magnetic
field vector in teslas, and x is the vec-
tor cross product. When applying the
formula to a coil in a magnetic field,
it can be simplified to: F = NL (I x B),
where N is the number of turns of
wire, L is the wire length in meters,
and I is the current vector in amps.
Linear actuators that depend on this
force have been around for more than
a century.Pl

TRACKING CONTROL

Figure 2 shows a block diagram of
the tracking servo loop. A pair of

Track Filter + YN
width .
Track mode Trgckmg
voice coil
= Seek mode
----- > +
Filter \_{m
----- > _
. — Sled actuator
Photodiodes drive coil
+V or -V
- Disk
reflective
layer Sled speed
sense coil

Figure 2—The CD player’s tracking control loop. Any difference in illumination of the two
photodiodes causes the drive coils to push the optical pickup to minimize the difference.
The concept is remarkably simple for such a precision system. Some more recent players
use a DSP in the sled control loop, but the operating theory is still the same.
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photodiodes on either side of the
optical pickup head’s centerline will
produce a voltage with a polarity and
amplitude that depend on how far off
the head is from the center of the
track. This error signal is amplified,
filtered, and fed back to both posi-
tioners to keep the head centered on
the track. The sled mechanism has
enough friction that any small cor-
rections are handled exclusively by
the tracking voice coil. But, when
the tracking coil approaches the end
of its travel, the error signal will
become large enough that the sled
will start to move as well.

Once the sled is in motion, it takes
very little force to keep it going. If a
constant force were applied, it would
continue to accelerate and overshoot
the desired position. The CD player
prevents this by measuring the sled
speed and applying it to a feedback
loop that controls the current fed to
the drive coil. The physical configu-
ration of the speed sensor is much
like the actuator, but it uses only a
single magnet (see Photo 2). As the
sensor coil moves through a magnetic
field, Faraday’s law of induction tells
us that a voltage will be induced in
the coil that’s proportional to its
velocity.

The track is one continuous spiral,
so the positioners are in constant
motion to follow the track. However,
when the player needs to skip to a
different section of the disk, the
tracking system switches to an open-
loop seek mode. The tracking voice

www.circuitcellar.com <« CIRCUIT CELLAR

Photo 3—These are
the waveforms from
the sled actuator’s
drive op-amp during a
seek operation. The
top and bottom traces
are the positive and
negative inputs and
the center trace is the
coil current. The cur-
rent probe was set to
5 mA/N, so the coil
current waveform is
actually 50 mA full
scale. This is a com-
posite photo, since
my HP1631D can only
capture two traces at
once.

coil is disabled, and the player’s con-
trol logic feeds a constant voltage to
the sled positioner’s driver. Photo 3
shows the signals involved in this
process. I had the CD player jump
from the beginning of the disk to a
point about halfway through. The top
trace shows the control signal from
the player’s microcontroller. You can
see the sled coil’s drive signal (middle
trace) immediately jump up to its
positive clipping limit. As the sled
starts to accelerate, the bottom trace
shows the sense coil voltage start to
rise. When it reaches the same level
as the control voltage, the drive sig-
nal starts to drop. The system even-
tually stabilizes with the drive signal
barely above zero. That’s just enough
to compensate for friction while
keeping the sled at a constant speed.
When it’s time for the sled to stop,
the same process happens in reverse.
But you can see that it takes less
time to slow down than to speed up,
since friction helps with the process.
Now that I had measured what the
sled was doing, I wanted to see if I
could apply Lorentz’s formula to the
system. I don’t have a magnetic field
strength meter, but I was able to
measure all of the other parameters to
varying degrees of accuracy. Then I
made a rough estimate of the field
strength. First, I needed to find a value
for E. My rusty memory from high
school physics recalled a couple of
useful formulas: F = ma and v = at. I
measured the sled position before and
after the seek shown in Photo 3 and
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Photo 4—The tracking voice coil and sled positioner drive signals
while the player is being bumped. It was a small nudge, so the track-
ing system was able to compensate for the movement.

found it had moved 17 mm in 265 ms, or a velocity of
0.064 m/s. Then, I zoomed in on the leading edge of the
waveforms, and measured 13.5 ms for the acceleration from
standstill to the steady-state velocity (prior to the initial
overshoot). That’s an acceleration of 4.74 m/s. To find the
sled’s mass, I precariously perched the CD player on its side
and managed to press a small postal scale against the sled.
The measurement varied from about 70 to 130 g, so I chose
100 g as an approximate value. That means we have a force
of 0.474 N. Phew!

Measuring the coil was much easier. The wire diameter
(with insulation) is just under 8 mils, which would be
AWG 33. At 206 Q per 1,000, the coil, which I measured
at 200 Q, would have 971’ of wire. I measured the coil’s
circumference to be approximately 2.4”, which would
yield 4,855 turns. The I vector from the Lorentz formula
corresponds only to the vertical wire segments, which I
estimated at 20 mm on each side, or 40 mm/turn. That
gives a value of NL of 194 m. A close look at Photo 3
shows that the drive current during initial acceleration is
about 40 mA. Now we have all the numbers we need!
Plugging them all into the original formula and solving
for B = F/(NLI) yields a value of 0.061 tesla, or 610 gauss.
That’s a little smaller than I thought I'd see, but still
within an order of magnitude of what I'd expect for a fer-
rite bar magnet.

After all that work, I was curious to see how the player
would handle a slight bump. Photo 4 shows the tracking
and sled coil drive signals when I hit the table that the
player was sitting on. The cyclical pattern follows the rota-
tion of the disk, a result of the disk’s center hole being
slightly off center. The sudden increase in noise after one
rotation is where the positioners are compensating for the
bump. In this case, the system maintained tracking with-
out any difficulty. Photo 5 shows a more severe impact
that causes the player to momentarily lose tracking. You
can see the sled bouncing around until it settles back down
after about 1% rotations. The player’s audio dropped out for
a short time during this process. Most newer players, espe-
cially portable ones, will buffer enough data to cover sever-
al rotations. They will also spin the disk at a faster speed,

Photo 5—Here the player is being bumped rather firmly. The tracking
system can’t keep up and loses synchronization for about 200 ms
before it recovers.

so it’s possible to catch up after a short tracking loss with-
out any dropouts.

PUTTING IT BACK TOGETHER

I'm happy to report that I was able to fix the CD player’s
skipping problem. As I moved the sled along its track by
hand, it was obvious that one end was noticeably more stiff
than the other. I carefully cleaned off all of the long-since-
expired lubricant from the entire track and replaced it with
a small amount of white lithium grease. That seemed to
make more of a difference that I had planned. Now, even
some CDs that wouldn’t play at all—ones that I had
assumed must have used some format incompatible with a
25-year-old player—play just fine.

I hope you’ve enjoyed this journey into the inner work-
ings of a real embedded system as much as I have. I'll be
taking a look at both conventional and exotic products in
future columns. I'd also welcome suggestions for unusual
products or technologies I may not be aware of. There will
be a lot more to explore in upcoming months. I hope you
can come along for the ride! &l

Richard Wotiz has been taking products apart ever since he
was old enough to pick up a soldering iron. He’s been helping
others put them together since 1991, when he started his
design consulting business. Richard specializes in hardware
and software for consumer products and children’s toys. He
can be reached at rw601@spiraltap.com.
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{ROM THE BENCH by Jeff Bachiochi (USA)

Lined Up with Nowhere to Qo

Using a Linear Sensor Array

Want to know how a linear sensor array accumulates and transfers data?
Here’s an example of how the sensor can be used to read a barcode.

u ach day brings new technology to center Using a linear array enables the line to be read in
_ stage. Today’s phones have higher reso- one fell swoop. Today’s scanners/copiers still use
lution cameras than the digital camera we the same approach (although they’re able to
bought just a few years ago. Some phones even detect color instead of just grayscale).
have two cameras. Dick Tracy’s wrist radio is a Texas Advanced Optoelectronic Solutions
clunky behemoth compared to smartphones. (TAOS) has some inexpensive linear sensors that
And now, your computer can be your phone. Or can be purchased through some of the standard
is that your phone can be your computer? online and catalog sales channels. I chose the

It wasn'’t that long ago that fax machines TAQOS TSL1406R linear sensor array to experi-
(remember those?) enabled us to send docu- ment with for this month’s project (see Photo 1).

ments over the phone. That was a
boon for businesses that, up to that
point, had relied on snail mail to
deliver documents. It was a marvel to
behold. You just placed your docu-
ment into the autofeeder and an
optoelement broke the document
into hundreds of lines of data, with
each line consisting of hundreds of
black or white pixels. The pixel data
was streamed through a phone line to
a receiving machine that would then
replicate the original by printing the
received sequence of pixel data for
each line just as it was scanned.
Stepper motors pull the paper
through the machine. The step size
creates the vertical resolution, while
an optosensor supplies the horizontal

resolution. The optosensor’s output Photo 1—The TAOS TSL1406R is a 768 x 1 linear sensor array that
might come from a single sensor that  pas a built-in hold function that enables the last pixel samples to be
is stepped horizontally across the page  temporarily stored while a new exposure is being taken. The stored
or from a fixed linear sensor made up analog samples are clocked out during the new exposure. The analog
of hundreds of individual sensors. samples are therefore representative of the previous exposure period.
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Functional block diagram (each section)
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Figure 1—The TAOS TSL1406R linear sensor array consists of twin 364-pixel element linear arrays with individual sample-and-hold circuitry. A
user-provided clock controls the exposure time while providing sequential control of the output of the previous exposure’s analog samples.
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Figure 2—The Microchip Technology dsPIC30F4012 digital signal controller provides a maximum clock rate of 8 MHz to the TAOS TSL1406R
linear sensor array for a minimum exposure time of 65.75 ps. The USB interface provides user I/O using an AT command set. LEDs are avail-
able for debugging purposes and provide some key timing information.

It has a 400 DPI resolution with a sensing area about as wide
as a business card and costs about $25.

ELEMENTAL

Twin 384-pixel sensor arrays are set up end-to-end creat-
ing a single 768 x 1 linear element. Each 0.0025” (63.5 pm)
spaced pixel has its own integrator and sample-and-hold
circuitry. This enables all pixels to begin and end a data
integration phase in concert. The resulting integration val-
ues are stored for future conversion. These values are avail-
able for external sampling on a sequential basis. Two ana-
log outputs are available, one from each array of 384 pixels.
These can be sampled as separate arrays, in parallel, or cas-
caded using a single analog output.

As you can see in Figure 1, each array of 384 pixel ele-
ments has its own control I/O. The I/O connection deter-
mines whether each array works in parallel (simultaneous-
ly) or serially (independently). Three inputs, CLK, SI, and
HOLD, control the entire integration process. In this proj-
ect, the TSL1406R is used in Parallel mode with all SI and
HOLD inputs connected together. It is driven from a single
CTRL output and both arrays are clocking in step from a
single CLK output (see Figure 2).

For this discussion, let’s assume the array has already
accumulated data and we want to read this data from the

linear sensor. A logic-high pulse by CTRL for one clock
period will start an output cycle. TSL1406R control
inputs are sampled on the rising edge of the CLK. When
the HOLD input is evaluated as a logic high, all sampling
capacitors (holding integrated pixel data) are disconnect-
ed from their respective integrating circuitry. The inte-
grating circuitry is reset and prepared for a new integra-
tion period. The same logic high on the SI input applies
the first pixel’s sampling capacitor to the charge-coupled
output amplifier and output pins AOO and AO1. The
pixel data is available to the external sampling circuitry
during a single clock cycle. Additional clock cycles shift
the initial SI pulse through a 384-bit shift register, each
stage enabling pixel data for a single clock cycle in
sequence. During the 384%™ clock time, the shifted SI
pulse has now reached the SO output. Note: When used
in the Serial mode, the SO from the first array can trigger
the SI to the second array. In our case, since the arrays
are being clocked in parallel, the SO is not used. Our
external sampling circuitry must actually perform two
samples, from AOO and AOI, at the same time. More on
this shortly.

As you’ve probably guessed, the CLK period controls the
integration period or the amount of time a pixel’s light
level is collected. The maximum clock frequency of the
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sensor is 8 MHz, which sets the minimum integration
time as:

1
T = [CLTJ X (NPIXELS - 18) +20 ps
MAX

=125ns X 366 + 20 ps
=45.75 us +20 us
=65.75 us

In order to enable the sensor to operate in a number of dif-
ferent light level situations we will need to lengthen the
integration time. I'll do this by slowing the clock down.
The datasheet states that T, may Should not be greater than
100 ms for accurate measurements. Working backwards
with the preceding equation we see that the CLK must not

be less than:

1
(CLKM]NJ X (NPIXELS - 18) +20 ps= Tiermax
1
(CLKMIN] X (NPIXELS - 18) = Tvrmax — 20 ps
1
CLK,, = Tiurmax — 20 us
CLK — (NP]XELS - 18)
o (Tirmax — 20 ps)
_ 366
(100 ms — 20 ps)
= 3,661 Hz

Providing a 3,661-Hz clock should not be an issue. An 8-MHz
clock, on the other hand, is a challenge. In fact, each CLK
cycle actually has four phases. The CLK line itself will
toggle twice for each cycle. And, we will need to set/clear
the CTRL input in between CLK toggles (at least for the
initial SI/HOLD pulse).

dsPIC30F4012

I'm using a Microchip Technology dsPIC30F4012 digital
signal controller (DSC) because it has a phase-locked loop
(PLL) to boost oscillator frequencies by a factor of 16. The
maximum input to this device is 8 MHz (using the 16X
PLL). I've chosen to go slightly less, using a 7.3728-MHz
input for its nice data rate division. So, the F__ is about
118 MHz and an instruction cycle is four clocks, a quick
34 ns. Timer2 can use the PR2 register as a period or
count-up-to-and-then-rollover register. By not using a
prescaler, I can get an event flag every instruction cycle
(34 ns) if PR2 = 1 or any multiple of 34 ns up to 2.2 ms
(i.e., 65,535 x 34 ns). This covers the bases between 8 MHz
to 3.6 KHz as a clock source for the TSL1406R. Take a
look at Figure 3 to see how the CNTL and CLK outputs
were created. The first three instructions of this routine
create the CTRL pulse that begins the sampling process. By
strategically placing these among some inline setup code,
the minimum timing requirements can be met. Timer2 can
then be used to signal the appropriate times for toggling
the CLK. Note there are two other things happening during
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Figure 3—The convert process,
a CTRL pulse during the first
clock cycle followed by 384
additional clock cycles, is used
to both expose the sensor and
to transfer analog data. When
FLAG.SAMPLE=0, there are no
additional delays (other than
the timing delay that sets the

PR2=Delay
PixelCount=0 overall exposure time by slow-
Start TMR2 ing down the clock). When

i FLAG.SAMPLE=1, the data
PixelCount=

from the previous exposure is
sampled by the microcon-
troller's ADC. Two analog out-
puts from the TAOS TSL1406R
linear sensor are simultaneous-
ly sampled and then converted
in succession.

PixelCount+1

Sample=1?

Call sample

N
PixelCount=384?72
Y

Stop TMR2
CLK=0

this time. Before the CLK returns to the high state, there is
a check to see what mode we’re in. When FLAG.SAMPLE=0,
the Call SAMPLE routine is ignored. Otherwise, this is the
point where the analog outputs AOO and AOI1 from the lin-
ear sensor will be sampled by the internal A/D converter in
the microcontroller. After the CLK returns to the high
state, you check to see if you have looped once for each
pixel: if not, then you jump back for more, or else you can
finish by lowering the CLK one last time.

The execution time for the loop while FLAG.SAMPLE=0 is
about 20 instructions or about 780 ns (i.e., 20 x 34 ns). So,
any value of PR2 less than about 10 will not offer any faster
loop time. While you can get an 8-MHz CLK by hard-coding
a four-instruction loop, once code is added to vary the tim-
ing, the minimum time grows beyond 125 ns—in this case
to 780 ns.

SIMULTANEOUS SAMPLING

The 10-bit A/D converter used in this microcontroller
is fast, 1 Msps, but not fast enough to convert pixels on
the fly at the maximum CLK frequency of the TSL1406R.
It can, however, sample multiple (up to four) inputs
simultaneously. You can take advantage of this since the
linear sensor has two analog outputs. The actual conver-
sion is handled sequentially after simultaneous sampling.
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Figure 4—These timing diagrams of the TAOS TSL1406R linear sensor array show the relationship between the clock, the integration (exposure)

time, and the analog output of pixel data.

simultaneous samples of any analog input during the

Figure 4 shows the TSL1406R’s timing and Figure 5

T, Period. This can trigger automatic sequential con-

shows the microcontroller’s A/D timing. Four independ-

ent sample-and-hold circuits can be instructed to take

nection to and conversion of each sample. Note: Once
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*Not available on dsPIC30F4012 devices.
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Figure 6—The high-speed ADC of the Microchip Technology dsPIC30F4012 digital signal controller can simultaneously sample up to four input
channels. An alternate set of four channels can also be chosen. Automatic conversion of each channel can take place after the sampling period.

the T,,,,, period has concluded, the inputs are free to change
(in this case, the next pixel output can be clocked).

The block diagram of the microcontroller’s ADC shows
a 16-word data buffer (see Figure 6). This can be initial-
ized as either two eight-word buffers (ping-pong style) or
a single buffer. Conversions are automatically dumped
here and provide some flexibility as to when the data

will be processed.

TSL1406R

If it wasn’t already apparent, the linear sensor actually per-
forms two operations during each cycle, integrating new
pixel data and transferring old pixel data. In truth, the data on
the analog outputs is from the previous cycle. After power-
up, the initial data during the first output cycle is bogus. To
simplify things, when I want to retrieve data for a particular
exposure (CLK speed), I perform two output cycles. The first
accumulates the data and the second transfers the data.

Refer back to Figure 1. Each of the 768 pixels in this
linear array is a light-sensitive photodiode. The diode
produces a voltage that is directly proportional to the
amount of light that falls on the pixel. Each photodiode
serves as an input to an op-amp circuit configured as an
integrator. The integration circuit creates a rising voltage
over time, which is proportional to the diode current.
During the first 18 CLKs of an output cycle, a switch
shorts out the feedback capacitor to discharge the inte-
grator. During the remaining CLKs, all integrators con-
tinue to accumulate a charge. In fact, this continues
until the next SI pulse begins a new output cycle. The
accumulated charges are transferred to their respective
sampling capacitors and wait their turn to be sampled via
AQOO and AOL.

You can see that the total integration time is based on
the CLK frequency plus any delay in starting another
output cycle. As previously stated, this plan requires
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CountH:L=10

FLAG.SAMPLE=0

FLAG.SAMPLE=1

| CountH:L = CountH:L — 1 |

FLAG.SAMPLE=0

N
Min<minparameter v
Y

[CountH:L = CountH:L + 1]

N
CountH:L =0x1F5D
Y

FLAG.SAMPLE=1

Not enough light

| Good exposure || Too much light |

l

Figure 7—This flowchart shows how the ATA command performs mul-
tiple exposures (calling convert), beginning with the shortest and
progressing in 32-ns increments. If all 768 sample values of an
exposure fall within user-settable maximum and minimum limits, the
routine exits with sampled data in the SampleBuffer.

two output cycles to actually retrieve data. The first
output cycle uses stringent CLK timing to obtain a con-
sistent integration rate. During the second cycle, A/D
conversions are performed between each CLK. If the
A/D sampling and conversion time is longer than the
requested integration CLK rate, the total integration
time for the second cycle may exceed the initial request.
Therefore, using two output cycles always ensures accu-
rate capture.

MICROCODE

I couldn’t think of a good way to display the 768 values
of data with a small number of LEDs or even an LCD.
Because the data values are best viewed in relation to
one another, I chose to dump the data out of the serial
port. At a minimum, using a serial terminal would
enable the user to scroll through the data and get a “feel”
for what the linear sensor was seeing.

I created an AT command set because I was coming off
the OBD-II project that used this format. I only needed a
few commands: ATS (do two output cycles using the
present integration count), ATD (dump the data out the
serial port), ATRC (read integration count), and ATWCXxXxXxXx
(write integration count).

The integration count is the hexadecimal value that
gets loaded into the PR2 register of Timer2. If you recall,
TMR?2 increments every 34 ns. When the value in TMR2
reaches the value in PR2, an event is triggered. This
enables us to create events (delays) from 34 ns to 2.2 ms.
The toggling of the CLK output is based on these events.
Assuming the consecutive output cycle takes place with-
out any delay, the minimum integration time of 65.75 ns
will depend on an 8-MHz CLK. This requires a TMR2
delay of 0x0002 (i.e., 2 x 34 ns = 68 ns or half of 0.125
MHz). Remember the minimum loop time is about 20 exe-
cution cycles, so any value of PR2 less than 10 won’t have
any effect. The maximum integration time is 100 ms, or a
CLK of 3.6 KHz. This requires a TMR2 delay of Ox1F5D
(i.e., 8029 x 34 ns = 273 ps or half of 1/3,661 Hz). So, the prac-
tical limits for PR2 would be 0x000A for a minimum integra-
tion time and Ox1F5D for a maximum integration time.

Figure 3 shows a routine SAMPLE that gets called when
FLAG.SAMPLE=1. SAMPLE is set to 1 before the second out-
put cycle. This enables the microcontroller’s ADC to sam-
ple the pixel values on outputs AOO and AO1 at the end of
each CLK (after the data has had time to settle).

With flexibility comes complexity. The most difficult
part of the ADC is determining which of the many modes
of operation to use. For this project, there are four analog
inputs (including +/-REF), no automatic scanning or alter-
nate channels. Both sample and conversion timing are min-
imal. Two channels are being simultaneously sampled
using external references. Conversions are automatic while
sample start is triggered.

To begin a sample ADCON1.SAMP is set. When the sam-
pling is completed, the peripheral clears ADCON. SAMP.
Each channel is sequentially converted by the ADC with
the conversions placed into ADCBUF0 and ADCBUF1. The
peripheral now sets ADCON1.DONE and is ready to per-
form the next sample and conversion. After each set of
conversions, the most significant 8 bits of each value are
moved into the 768-byte linear buffer. Since correspon-
ding pixels from AOO and AO1 are actually 386 pixels
away from each other (linearly), the sampled and con-
verted values of these need to be placed accordingly.

A data dump consists of sending a string for each pixel.

Photo 2—A close-up of
the individual lenses in a
strip of SELFOC lens array
(SLA) held above the sur-
face of a barcode photo.
When affixed properly
between the linear array
and object to be read, it
focuses the image of the
object upon the array's
linear elements.
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The string takes the form of a three-
digit pixel number and a blank fol-
lowed by x periods, where x equals
the converted value of that pixel.
This enables the length of characters
in the string to be a visual indication
of light level.

RUN TIME

After some minor debugging, it was
clear that the sensor’s large dynamic
range meant manually setting an inte-
gration count for each sample was a
hassle. The integration time needs to
be adjusted based on the converted
data. That is, the integration time
needs to be shortened so pixel data
doesn’t reach the saturation level
(approximately 4.8 V). It also needs to
be lengthened if no data reaches the
white condition (approximately 2 V).
Should the integration time need to
be adjusted beyond its maximum or
minimum times, the conversion is
considered illegal.

To accomplish this automatically
and maintain some flexibility, I added
a few more commands: ATA (perform
multiple two-output cycles to look for
an exposure where all data falls with-
in maximum and minimum parame-
ters), ATRX (read maximum parame-
ter), ATWXXX (write XX to maximum
parameter), ATRN (read minimum
parameter), and ATWNXX (write XX to
minimum parameter).

The method used to automatically
find an exposure is not sophisticated.
Refer to Figure 7. Multiple pairs of
output cycles are executed with the
exposure time increased each time.
After each set, all 768 sensor values
are read to find the maximum
(white) and minimum (black) values
for the set. If the whitest value has
exceeded the maximum parameter,
you check to see that you are not at
the minimum exposure (10). If you
are already at the minimum expo-
sure, then you are done and flagged
as “too much light.” If you’re not at
the minimum, then the exposure is
reduced to the last value, reconvert-
ed, and flagged as a “good exposure.”

If the whitest value remains less
than the maximum parameter, the
minimum value is checked against the
minimum parameter. If the minimum

www.circuitcellarcom = CIRCUIT CELLAR®

value of the set remains less than the
minimum parameter, the exposure is
incremented. If the exposure has
reached the maximum count
(0x1F5D), then you're done and
flagged as “not enough light (avail-
able).” If the minimum value (black
level) is greater than the minimum
parameter, you're done and flagged as
a “good exposure.”

BRINGING IT ALL INTO FOCUS

Each of the linear sensor elements
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will report on the amount of light that
falls on it. A thin optical glass cover
protects the elements (see Photo 1). In
a transparent mode, any object placed
between the light source and the sen-
sor will block light from those ele-
ments directly behind it. However, the
further away the object is from the
sensor elements, the more light can
bleed behind objects, partially illumi-
nating the pixels behind it. Of course,
the size of the object will also affect
its shadow. The sensor also can be
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Figure 8—The sensor data using Excel. The insert is a slice of the
actual barcode | read using the TAOS TSL1406R linear sensor array. |
stretched the barcode to scale it to the graph’s data.

used in a reflective mode. An example would be to sense
the different reflective properties between white paper and
black ink or toner.

In a fax/copier, a lens is used to focus the object onto the
sensor. Special SELFOC lens arrays (SLAs) reduce the opti-
cal path length, giving a 1:1 focused image without the
inversion produced by simple lenses. Photo 2 is a close-up
image of a double-row SLA held slightly above a barcode.
Note the holes at each end of the linear array in Photo 1.
These mark the centerline of the sensor elements aiding in
lens alignment.

I wasn’t sure what to expect when I tried to read a barcode,
so I placed a few wide magic marker stripes next to it. My
terminal program captured the data output from the sensor
and I imported it into Excel so it could be graphed. Figure 8
shows the pixel array’s output graph. I took a picture of the
barcode strip I used and superimposed it on the graph after
stretching it to match the data. You can clearly see the rela-
tionship between the red graph area’s illumination levels and
the white background of the barcode.

While I succeeded in conquering the electrical operation
of the TSL1406R in this project, I can’t help but feel there is
much more that could be done with this sensor. I look for-
ward to receiving some input from you on how this sensor
may be used to solve a real-world problem. I purposely did
not touch on some issues, such as spectral response. These
may be of importance if the application requires wavelength
relationships.

One more note. The first time I powered up the circuit
and ran some code, I quickly removed power as the micro-
controller seemed to be running a lot warmer than most of
my PIC projects. After searching for some miswiring that
could create a short somewhere, I realized I was running
the little PIC at close to its 120 MHz (30 MIPS) limit.
Speed comes with a cost of approximately 170-mA operat-
ing current. While it looks like it’s just sitting there, it’s
really screaming inside! &l

Author’s note: Special thanks to Walter Boyles of GoFoton for
this information on SLAs.

Jeff Bachiochi (pronounced BAH-key-AH-key) has been writing for
Circuit Cellar since 1988. His background includes product design
and manufacturing. You can reach him at jeff.bachiochi@imaginethat
now.com or at www.imaginethatnow.com.
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To download the code, go to ftp://ftp.circuitcellar.com/
pub/Circuit_Cellar/2011/254.

SOURCES
dsPIC30F4012 Digital signal controller
Microchip Technology, Inc. | www.microchip.com

TSL1406R Linear sensor array
Texas Advanced Optoelectronic Solutions, Inc. (TAOS)
| www.taosinc.com

- NEED-TO-KNOW INFO

Knowledge is power. In the computer applications
industry, informed engineers and programmers
don’t just survive, they thrive and excel. For more
need-to-know information about some of the topics
covered in this article, the Circuit Cellar editorial
staff recommends the following content:
Electronic Scarecrow
by Richard Wotiz
Circuit Cellar 186, 2006

The Electronic Scarecrow keeps animals from for-
aging for food in backyard gardens. It includes four
remote stations designed around MC13192 SARD
boards. When an animal is detected, the system gen-
erates loud sounds and runs water sprinklers to scare
it away. Topics: Scarecrow, MC13192, SARD, RF,
Wireless, Accelerometer, MC33794, E-field
It’s the Sensors, Stupid
by Tom Cantrell
Circuit Cellar 220, 2008

Your design is only as good as its sensors. With the
latest sensors incorporating smarter silicon, alterna-
tive energies, and wireless technologies, the possibili-
ties for your next system are limitless. Topics: Sen-
sors, Hall effect, DSP, PWM, ADC, RF, Wireless,
MiWi P2P, Joule-Thief, Piezoelectric Fiber Transducer
SSI Controller for Linear-Position Sensors
by Robert Bowen
Circuit Cellar 227, 2009

For many applications, retrieving sensor readings
requires an SSI controller. But it can be expensive.
Robert presents an affordable solution for building
your own SSI readout display for position sensors.
Topics: Position Sensor, Linear, SSI, Synchronous
Serial Interface, Magnetostrictive, Pulse Train,
P89C668, DS8922, LCD, LCDO821
Go to Circuit Cellar’s webshop to find these articles
and more: www.cc-webshop.com
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a distinctive electronics industry event comprised
of 4 design conferences—ESC Boston, DesignCon
East, DesignMED and Designing with LEDs.
Attend all 4 conferences with the All Access Pass!

UBM

Electronics
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Across

Down

1. Automated, computerized 3. Portable way to update your Facebook status

2. Helps you learn how to use a new microprocessor 5. A wireless communication standard used to trans-
[two words] fer data short distances

4. Makes things seem less distorted 7. A system that represents real numbers in a variety

6. Topic featured in this month’s Circuit Cellar of values [two words]
[two words] 10. Field-programmable gate array

8. A message-based standard for cars [two words] 13. PCB [three words]

9. The physical side of your computer system 15. An SI unit

11. Once characterized by a rainbow-striped apple 17. Reads positioning [two words]

12. Tagged image file format

14. Disconnected The answers will be available in the next issue and at

. A power supply that should not be disturbed www.circuitcellar.com/crossword.
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AD FORMAT: Advertisers must furnish digital files that meet our specifications (www.circuitcellar.com/advertise). ALL TEXT AND OTHER ELEMENTS MUST
FIT WITHIN A 2" x 3" FORMAT. E-mail adcopy@circuitcellar.com with your file or send it to IDEA BOX, Circuit Cellar, PO Box 180, Vernon, CT 06066.

For current rates, deadlines, and more information contact Peter Wostrel at 800.454.3741, 978.281.7708 or peter@smmarketing.us.

The Vendor Directory at www.circuitcellar.com/vendor/
is your guide to a variety of engineering products and services.

microEngineering Labs, Inc.
www.melabs

PICBASIC PRO™ Compiler

Bridges the gap between ease
of use and professional level
results. The simplicity of the
language allows both hobbyist
and engineer to master it
quickly, but the engineer
appreciates what's happening
under the hood. This is a true compiler that
produces fast, optimized machine code
that's stable and dependable.

Supports:
More than 300 PIC® Microcontrollers
Direct Access to Internal Registers
In-Line Assembly Language
Interrupts in PICBASIC and Assembly
Built-In USB, 12C, RS-232 and More
Source Level Debugging in MPLAB

PICBASIC PRO™ Compiler $249.95

.com 888-316-1753

charmsg[] =
{78,111,119,32,72,105,114,105,

110,103,0};

USB Programmer for Ifyou can read this, we want you!

PIC® MCUs

The Virginia Tech

(as Shown) E 4 Transportation
Insti n :
ROHS sti tuFe eeds
Compliant b : Electronic Hardware
i Fovs Developers| Embedded
Programs PIC MCUs including low-voltage (3.3V) devices. Software Developers | Electrical Engineers |

Includes Software for Windows 98, Me, NT, XP, and Vista. Electrical Technicians I Mechanical Designers

With Accessories for $119.95:

Includes Programmer, Software, USB Cable, and We are expanding and in search of good people.
Search Virginia Tech Transportation Institute

https://listings.jobs.vt.edu

Programming Adapter for 8 to 40-pin DIP.

See our full range of products, including
books, accessories, and components at:
www.melabs.com

@ VirginiaTech
TRANSPORTATION
INSTITUTE

TCPmaker for control over the Web

Easy as 1-2-3:
1. Define Your Data, with variable names that
YOU create.
2. Lay Out Your Content (with gorgeous
web-ready screen controls that you can grab
on to) using TCPmaker’s drag & drop Visual
Page Designer.
3. Generate Your Code, for all Microchip C
compilers, to “wire it all together”

NO PC PROGRAMMING AT ALL - just point your
web browser at your device!

Simple Upgrade
Ma
SYSTEM

Simple Upgrade Management System

Low cost integrated system manages upgrades
across different processors & connectivity types:
> Lets your end users upgrade your PIC
firmware safely, simply, and securely.

¢ : . o PWM Driver Wildcard interfaces high current
> Automatically delivers upgrade by email. motors, heaters, pumps, fans etc to your
> Simple for non-technical end users. instrumentation or automation project

4 or 8 channels of up to 5A current drive
Fast PWM switching

4 channels of current sensing with user-
configurable gain

Field connections to a standard 24-pin
header or to solder holes

Software to easily configure period, duty
cycle, active state, and resolution of each
PWM output

: Mosaic Industries Inc.
www.tracesystemsinc.com tel: 510-790-1255 fax: 510-790-0925

888-474-1041 2 www.mosaic-industries.com

> Encrypted system protects your firmware
from theft or from being programmed into the
wrong device.

> Grows with your product line: for a new
product w/ different processor or connectivity
type, just add another SUMS bootloader.

From the maIZers _of HI_Dmaker FS:
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CANUSB Features:
y Free ActiveX component

Both 11 & 29 bit ID support
Simple CAN logger included
Freo Threaded Windows DLL
Firmware upgradable via USE
Sample programs in C, C++, VB,
Delphi, CH, PureBasic etc.
No need for external power
Works up to 1Mbit CAN

) Supports RTR Frames
. . USB20Full Speed
L, Free USB drivers
"~ CE Approved

o .‘". \q ,
5, 0%t

N

12cStick™

Discover I2C

Read, Write, Connect...

MCC

Micro Computer Control

ANALOG 4.« DIGITAL

4on PC/104
m, EPI0-104
8 ANALOG INPUTS

4 ANALOG OUTPUTS
24 DIGITAL I/0

: 1/0?
0
Need Moré oe! g

ADIO-104 b
16 ANALOG INPUTS ¥
8 ANALOG OUTPUTS
24 DIGITAL 1/0
PULSE ACCUMULATOR

A\
/ gYNE’
1-877-SCIDYNE
info@scidyne.com

www.scidyne.com

CC Electronic Toolbox

For iPad, iPhone, & iPod Touch

BUT calculation

Specially designed for
electronic engineers,
this app provides easy
access to essential
electrical information

and multiple

conversion tools!

BJT calculation

1 Vb=375V
[* ve=31sv
Ty Ve=3,15V
1b=77 5504
N Ve le=31.52A

BJT Calculations, Ohm's Law calculator, Type listings for
Resistors including SMD types and Capacitors, database of
common electrical components, NE555 Circuit design,
CC Tech Guide for authors & so much morel!

www.circuitcellar.com/toolbox
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Your Micracontraller Our Display Module

Add a Touch Screen to
Your Embedded Product

+ No special OS or Library Required.
» Programming GUI is Simple. C
» Development Kit =

Up and Running in Days.
Learn more at reachtech.com,

call 510-770-1417 or email
info@reachtech.com,

RZACIH

TECHNOLOGY INC

Buy vs. Build?

Download Handbook
at reachtech,com.

" Industrial Analog Signal
Acquisitiomand Control

PIC18F45K22
Development Kit

FREE BOOK
written by
Fred Eady

with the purchase

of a PIC18F45K22
Development Kit
with C Compiler

Fueo Eaoy

Development Kit priced at $600.00
Includes: PCWH € Compiler, ICD-Ué4 Unit, Prototyping Board,
Accessory Cables, and Exercise Book

262.522.6500 x35 * sales@ccsinfo.com
"-ﬂ To receive this special offer visit:
e et el www.ccsinfo.com/eadycc

starting at

99
JEM board

© C/C++ programmable

@ 16 =10V analog inputs, 8 +5V
analog outputs

@ 15+ TTL, 7 Solenoid drivers,
Temperature Sensor

@ CompactFlash, Ethernet, USB
® | CD, RS-232/ RS485/wireless

® 10+ years life time, Power-
on-run within 1 second

00+ Low Cost Gontrollers with ADC, DAC, UARTs, 300 I/0s, solenoid, relays, CompactFlash,
LCD, Ethernet, USB, motion control. Custom board design. Save time and money.

”TERN 1950 5th Street, Davis, CA 95616 USA

INC. Tel: 530-758-0180 ® Fax: 530-758-0181 www.tern.com e sales@tern.com

C ORAORATI ON

Electronic and Electro-mechanical
Devices, Parts and Supplies.
Wall Transformers, Alarms, Fuses,
Relays, Opto Electronics, Knobs,
Video Accessories, Sirens, Solder
Accessories, Motors, Heat Sinks,
Terminal Strips, L.E.D.S., Displays,
Fans, Solar Cells, Buzzers,
Batteries, Magnets, Cameras,
Panel Meters, Switches, Speakers,
Peltier Devices, and much more....

www.allelectronics.com
Free 96 page catalog
1-800-826-5432

@ SIS Board

Turbocharges the development of
low-cost modular video text and
graphics generators using BOB-4!

www.decadenet.com

||n|| DecaADE ENGINEERING
503-743-3194 Turner, OR, USA

MaxSonar

Perfect for OEMs & Engineers

XL-MaxSonar-EZ
* High acoustic power
* Real-time calibration
* Tiny size
* $39.95usp qty. 1

MaxSonar-WR (1p67)
¢ Industrial packaging

* Weather resistant

* Standard %” fitting

* $99.95usp qty. 1

LV-MaxSonar-EZ
* Power-up calibration
* Smallest MaxSonar

* Low power, 2.5V-5.5V
* $29.95usp qty. 1

MaxSonar-WRC (pe7)
* Compact packaging
* Weather resistant

* Quality narrow beam
* $99.95usp qty. 1

www.maxbotix.com
I

We're looking for motivated
and talented engineers to

help us create the

next generation of audio (O
products for PC, Xbox and PS3 gaming.

LEARN MORE & APPLY AT:
WWW.TURTLEBEACH.COM

Disk On Chip
Ready for Delivery

From 16MB to 128MB Available!
Call 530-297-6073 _Sales@jkmicro.com

www. jkmicro.com
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JK microsystems, Inc.

International Orders Welcome

September 2011 — lssue 254

~
~]


http://www.maxbotix.com
http://www.circuitcellar.com
http://www.reachtech.com
http://www.ccinfo.com/eadycc
http://www.turtlebeach.com
http://www.allelectronics.com
http://www.decadenet.com
http://www.jkmicro.com
http://www.tern.com
mailto:sales@tern.com
mailto:sales@jkmicro.com

=l
@

September 2011 — Issue 954

« 186 processor @ 33 MHz
« DOS w/ Flash File system

« 44 Digital 1/0 lines w/ CPLD
= Console / Debug Serial Port
+7-34V DC or 5V DC power « 2 Serial Ports

* Accepts 8MB DiskOnChip + 2 16-bit Timers

+ 512K DRAM & 512K Flash = Watchdog Timer
« Expansion options with Peripheral Boards

QTyY 1

P t kit includes:
« Flashlite 186 controller
« Borland C/C++ ver 4.52
* FREE Email Tech Support
= Serial Driver library
+ AC Adapter and cable

Call 530-297-6073 Email sales@jkmicro.com
On the web at www.jkmicro.com

BusBoard
Prototype
Systems

Avallable From '

J{\MECO

LECTRONICS

Microcontrollers
MCF51AC256
MCF51CN128
MCF51JM128
MCF51QE128
MC9S08AC128

e MC9S08IM64

e MC9S08QE128

Modules

® Bluetooth GREAT For:

: 52;3232 ® Projects

o RF ® Breadboards
e 2 x 20 LCD ® Experiments

e Labs

*4x4Keypad o oi6tvnes

e Motor Control

® Real Time
Clock
® Power Supply

Learn about BASIC ON BOARD

Kits Available

ATRIA Technologies Inc.

www.AtriaTechnologies.com

Revolutionary new
expandlO-USB chip w

A
: lexpandio-use

uUsB
Status

A/D-/0-SPI-12C
+ |deal for adding USB to sensors & peripherals
+ No drivers needed for Windows, Mac, Linux
+* No microcontroller programming required
* Also check out our USB-232 USB to UART
www.hexwax.com - Buy from Mouser & Famell

Amazing

PIC programmer

Most devices supported
ICSP, SQTP, & copy limits

A $32 vouser

SN www.flexipanel.com

CROSSWORD ANSWERS from Issue 253

Across

. WORKBENCH—The place to accomplish

things
. PASCAL—Pa

. TRANSISTOR—Patented by Julius Edgar

Lilienfeld in 1925

10. SAGAN—SIang for a massive quantity;
think: Carl

11. CLOSED—Not public (e.g., software)

13.INTEGRATEDCIRCUIT—555 Timer [two
words]

14. COMPILER—Needed for C, C++, Java,
etc.

Add USB

to Your Designs

Chips, code,
protocols, =
embedded
hosts, (l] MP
wireless B =
options, » DN
debugging, .
USB 3.0 and
Sur:erspeed - JAN AXELSON S8t s
oo!
USB Complete
The Developer’s Guide
Fourth Edition
Jan Axelson

ISBN 978-1-931448-08-6 $54.95

Lakeview Research LLC _www.Lvr.com
By the author of Serial Port Complete

PIC-SERVO

MOTION CONTROL

MOTION CONTROLLERS FOR
BRUSH, BRUSHLESS AND! ﬁ

STEPPER MOTORS.

e controller chips
* controller boards

WWW.picservo.com
JEFFREY KERR, LLC

Down ‘wlolrlkle

1. PERSONAL—P"in PIN
3. QUICKRESPONSE—Ge;
semiconductor
. VISUALBASIC—A derivative of
BASIC [two words]
. SECOND—Hertz = one cycle
per?
. GERMANIUM—Ge; semicon-
ductor
. TANENBAUM—Authored
MINIX

G‘A

fclilols|elp]

12. PATCH—A quick fix

nlTlelelr

T‘E‘D‘C‘I ‘R‘C

m

clo P‘I‘L‘E‘R‘
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RIORITY

INTERRUPT

by Steve Ciarcia, Founder and Editorial Director

Power Factor Correction

[ast month’s editorial about my problems getting a UPS that worked on my desktop hasn’t been in the hands of readers
for more than a couple days and I'm already getting e-mails from people experiencing similar problems. Obviously, | hit a
resonant chord among the computer literate, but simply identifying the problem didn’t do enough to explain power factor or
the possible real cause for my failed UPSes. This month I'd like to fill in some of those blanks.

Basically, the term “power factor” is used in two completely different ways these days. The first way involves the tradi-
tional reactive load, where the voltage and current waveforms are both sine waves, but there’s a phase shift between
them. The numerical “power factor” in this case is the cosine of the phase angle. For example, a lightly-loaded motor
appears very inductive; consequently, in industries that use lots of them, power factor correction capacitors are placed in
parallel with the motors to compensate for that and avoid a surcharge from the power company.

For example, consider a 120-V, 1-A resistive load versus a 120-V, 1-A reactive load that has a power factor of 0.6.
Both of them have a rating of 120 VA, but the first one also consumes 120 W of real power, while the reactive one only
consumes 72 W (i.e., 120 x 0.6) of real power. Yet, in the second case, the power company’s distribution network still
has to carry the full 1 A of current, even though they only get to charge for the effective 0.6 A that delivers real power to
the customer. That 1 A causes the same I? x R losses in the distribution network in either case.

That was sufficient back in the days when 99% of the load on the power grid was either resistive (heating, lighting) or
motors. However, especially since the development of large amounts of consumer electronics, another source of excessive
loss for the power grid has been identified: nonsinusoidal current waveforms, a.k.a. “harmonic distortion.” The biggest culprit
by far is the classic capacitor-input switching power supply, which draws all of its load current at the peak of the AC voltage
waveform. This highly distorted waveform also causes excessive losses for the power company relative to the real power they
can charge. This is because the RMS value of the distorted current waveform—which corresponds directly to the I x R losses
in the grid—is much higher than the RMS value of a sine wave current delivering the same amount of power.

This gives rise to the other usage of the term “power factor,” which is completely different. There’s no well-established
definition for the numerical value of power factor in this case, but one that’s often used is the ratio of the RMS value of the
sine wave current to the RMS value of the actual current waveform. For example, this is how the Kill-A-Watt power meter
measures power factor—it measures actual power, RMS volts, and RMS amps and then divides watts by (volts x amps)
to come up with a power factor number. (I can only presume that it doesn’t sample fast enough to properly characterize
the amount of harmonic distortion in my power supply properly.)

However, that doesn’t really give you the whole picture when it comes to UPS ratings. A typical medium-power capacitor-
input power supply—regardless of whether it's a switcher or not—draws all of its current during maybe 10-15% of the AC
cycle. The peak current would then be on the order of 10x what you would think based on the power rating alone. In other
words, a 240-W load could be drawing current peaks on the order of 15 to 20 A! But the power meter will show this as a
power factor of about 0.45 to 0.55. If you're still thinking in terms of reactive loads, you may decide that you need a UPS rated
at 533 VA (i.e., 240 W/0.45).

But the UPS doesn'’t really care about RMS values—it has to deal with the instantaneous load current at all times. For
example, if your UPS uses 24-V batteries, the 20-A peak on the output translates to a current of more than 100 A on the
primary side. The UPS is monitoring the instantaneous current and the smaller ones shut down in self defense as soon as
they see this current spike, which is well over their ratings. In other words, the VA rating of a UPS is simply there to give
you an idea of its peak current capability, not its ability to handle reactive loads. A 480-VA UPS can deliver 4 ARMS at
120 V, or 5.66 A peak. A 1,500-VA UPS can deliver 17.7 A peak, and now we know why the large UPS was required to
power the 240-W load.

In order to avoid having to buy way-oversized UPS units, you need to look for computers and monitors that include
“active” power factor correction (PFC) in their power supplies. This is a circuit that redistributes the current draw back to a
normal sine wave shape, basically by adding another switching circuit upstream of the main regulator. Apparently, my
desktop doesn’t have this feature, but you can learn more about PFC in Dave Tweed’s EQ quiz (Circuit Cellar 214, 2008)

www.circuitcellar.com/eq/214/214.html.
Sl
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Li-lON
Power Pack/Charger

The Li-ion Power Pack/Charger is an integrated
storage cell and charging system on a 3” x 4”
printed circuit board and is compatible with
most 18650-size Li-ion cells. This board is a great
solution for any application needing a reliable power
supply with an integrated charging system. Works
well with most microcontrollers.

APPLICATION IDEAS:
* Portable power for data-logging applications
* Mobile robots
e Standby power / automatic power-switching
e Automatic charging circuits
e Stackable auxiliary power solutions

FEATURES:

e Nominal 7.4 VDC output; 8.2 VDC maximum

e Charging time of 1-6 hrs or more, depending upon the
discharge level and capacity of the battery.

* Recharge with a 7.5V, 1 A center-positive power supply

* Multiple power input/output options

¢ On-board output fuse protection

* Automatic charge/discharge switching circuitry

* Holds two rechargeable 3.7 volt Li-ion 18650-size cells

e Multiple LED indicators provide charge readiness

Li-ion Power Pack/Charger information for each individual cell; status key for the

- 2 Cell (#28986; 49.99) LED indicators is printed on the board.

Includes 3 x 4” PCB with » Aggressive holders retain cells in any board orientation

integrated charging circuitry, and in moderate shock environments, such as mobile

battery cable, and an extra i . .

fuse (Lilon cells not included). robotic applications. Cells are not permanent, and are

easily replaced.

High-Capacity Li-ion Cells * Dedicated circuitry continuously monitors the charging

(#28987; $7.99 each) process to ensure safety, efficiency, and to maximize

7.5V, 1 A Power Supply the number of charge/discharge cycles of each cell.

(#750-00009; $9.99 each)

Order a Li-lon Power Pack/Charger and cells \ / Z
at www.parallax.com or call our Sales Department /\ I_I

Li=ion P Pock/Cl er=2 Cel
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toll-free at 888-512-1024 (M-F, 7AM-5PM, PDT).

www.parallax.com ® ) rfi

“ParallaxInc” on Twitter, Facebook, and YouTube

Prices subject to change without notice. Parallax and the Parallax logo are trademarks of Parallax Inc.
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