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MlcrOChIp Introducing the NEW high-end 8-bit MCU standard, the innovative PIC17CXXX

family from Microchip. Sporting 16-bit MCU performance and features, like 8.5 MIPS, 32

makes lt Kbytes of memory, 1K RAM and up to an 84-pin package, this new PICmicro™ MCU family is
so far ahead of everything else it'll be hard to catch. With easy migration from our popular

mid-range PIC16CXXX MCUs, the PIC17CXXX devices are solid stepping stones to even higher performance. Backed by

Microchip's comprehensive tools and support, you'll speed product development and bound ahead of the competition. The
9-member PIC17CXXX MCU family from the OTP leader is destined to make a big splash.

[ J
Futu re has Itl PIC17C756 is available NOW for off-the-shelf delivery from Future Electronics.

® Extensive PICmicro MCU inventory and renowned application support guarantees
you'll get the device you need ... when you need it. So hop to it! Call Future Electronics at 1-800-FUTURE-1 (ext. 2255) today!

PIC17C7XX: Setting a NEW Standard

Speed 6x Faster — 8.5 MIPS
Power 90% Lower — S5uA ;
Voltage Widest Operating Voltage — 3.0-6.0V MICROCHIP FUTURE ELECTRONICS
T The Embedded Control Solutions Company”
Analog Most Precise — 10 bit + 1 LSB ADC M oflers » Nonoiatle s = ASSPs S
Communications 4x Faster with Broadest Options www.microchip.com
2 USARTS/2 Mbps, SPI/8.25 Mbps, 1°C/400 KHz
Die available . tuROPE
(actual size) s 0,

“Experience The Service That Wins The Awards.. Worldwide”

The Microchip name, 10go and PIC are registered trademarks and PICrcro is 8 tracemark of Microchip Technology inc. in the U.S.A. and other countries. Information subyect to change. © 1997 Microc

pchip Technology Inc. All rights reserved.
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SGS-THOMSON ST62 micros deliver more pertormance in
less space for less money. Even the core is optimized
for cost-effective operation.

That’s more than enough to make them a
hit. But when you add ESD protection and
legendary rock-solid noise immunity, our
ST62s sound almost too good to be true MCUs.

But theyre tor real. All ST62s contain ROM
and RAM. All have an EPROM counterpart.
Some versions offer on-board EEPROM for calibration.

Each ST62 includes an 8-bit timer with 7-bit programmable
prescaler as well as multifunction, individually programmable

1/0 ports. Devices with high current capability to directly drive LEDs

or TRIACs. along with a wide range of peripherals such as ADC. PWM and
LCD drivers. SCI and SPI are also available. A wide voltage range allows the
ST62 to be powered directly from battery or mains with minimum external
components. Plus what you'll recognize as the industry’s most extensive
family of support tools.

So don’t just string along with any old micros. Rock with the hottest
numbers in the industry. ST62. They just might make you a star. To tind
out more fax 781-259-9442_ or write SGS-THOMSON. 55 Old Bedford Rd,,
Lincoln. MA 01773. Visit our web site at http://www.st.com

Save up to $62 on an ST62 Starter
Kit. Includes demo board,
EPROM samples, plus all the
hardware and software needed to
complete your design. Limited time
offer. Fax or write now for details.

TR St

Bringing Microelectronics to Life"

1997 SGS-THOMSON Microelectronics. All rights reserved

For
More Info
Turn Page
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The Internet
Appliance Toolkit
(IAT) includes:

everything on the demo, plus
visual application bulider
built-in internationalization
Watcom C/C++ compilers

drivers for hundreds
of PC peripherals

embedded filesystems
demo apps with source files
scalable fonts

embedded OEM pricing

.. and much more!

THEINTERN
INTO JUST ABO

»ANYTHIN

HERE’'S PROOF

Build the Internet into smart phones, set-top boxes, photocopiers, kiosks,
printers, PLCs ... anything!
Better yet, build it on time. The IAT, used to create this demo, comes with
everything you need, from rapid application development tools to Internet l‘r
apps to source code. Build a custom browser in days, not months!

And talk about performance. With the IAT and QNX you can use low-
cost x86 platforms to deliver incredible speed and reliability. Believe it! s xR

Download your free
1.44M demo today!

www.qnx.com/iat W

or call:

800 676-0566 (ext. 2262) The Leading Realtime OS for PCs

L e—————t
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Embedded Systems Features

g Co-Verification Handles More
Complex Embedded Systems

New techniques give hardware and software designers
greater visibility of the internal workings of increasingly
complex embedded systems..................] By ARNOLD S. BERGER

1 8 Hardware And Software
Co-Verification—Key To Co-Design

Increased software content, design complexity, and time-to-
market pressures drive designers to validate systems in new
WAYS........cooiieieiiiiiiie e By SERGE LEEF

Departments

P Editorial

25 Designing Real-Time Systems With The { Edit
Unified Modeling Language

General-purpose programming UML provides a common

means of expressing objects, their bebavior, and interactions

WIth USETS............ccccvvviinniiannin, By BRUCE POWEL DOUGLASS

24 Advertisers
Index

4[] Dancing With Devils: Or Facing The Music
On Software Quality

Embedded systems software developers must invest in quality

with rigorous testing while demanding reliable tools from
their Vendors.................c...cccoviviiiiiinieeininiiind By TOM BARRETT
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SYSTEMS
CONFERENCE
SPRING

Navy Pier Festival Hall A « Chicago, IL
March 31-Aprif 2, 1998 » Booth 1131

SMARTengine/50¢PCl 3U

CompactPCl

CPU  200MHz 64bit NIPS R5000

RISC processor
Bus  CompactPCl, 3U form factor
The SMARTengine/50cPCl 3L Memory Up fo 128 MB interleaved DIAM
brings the power of the R5000 NVRAM 8 or 32 KB
EPROM 256 KB

CPU to telecommunications
Flash 1, 2, or 4 MB of Rosh memory
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RTOS  Support: multiple RTOS
; including VxWorks, Nucleus,
prototypes tailored to a perfect anc CEXECUTIVE

fit for vour application.

60- 10 120-day wrnaround on

FREE evaluation
SMART offers qualified companies the opportunity to evaluate
the SMARTengine/50cPCl 311 for a limited time at no cost*
This trial period also gives you a chance to try out our technical
and applications support and see that SMART really is the perfect
fit as your long-term technalogy partner. Contact SMART today

MODULAR TECHNOLOGIES, INC.

SMART Modular Technobogies, Inc and is the 3
is a lead'ng manufacturer of specialty  supplier of g ) 3\

and standard memory crwice for

to discuss your embedded computing needs.

Q‘ | mcdules, flash memory leading OEMs.
15"‘ Puerto Rico

cards, communications headquartered
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E-mail info@smartm.com = B Scofland; and :

sales offices Scotland
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throughout the world

READER SERVICE 108



EMBEDDED SYSTEMS rreeryere e TSI

Editorial

Anyone who’s paid any attention at all
knows that embedded systems have invaded
our lives in the last few years. (And I mean
“tnvaded” in the nicest way possible.)
Whether we’re among the increasing num-
ber of design engineers working on either
the bardware or software side of an embed-
ded system or just users of the marvelous
end products that make our professional

development cycle for their current project.
We often bear that 18 montbs is about the
life of many products these days. That’s
borne out by the 62.9% of replies that said
the length of their development cycle was
18 montbs or less. But 44.5% of those
answering the question said their develop-
ment cycle was 12 montbs or less. As for the
Sfuture, 66.7% said they expect development

and leisure time so much more
productive and fulfilling, we've
come to appreciate the wonders
of embedded computers.

As an introduction to this edi-
tion of ELECTRONIC DESIGN’S supple-
ment on embedded systems, it’s
helpful to look at some figures
that show where the industry will
be heading. Worldwide, embed-

As for the future, 66.7%

cycles to be shorter. Somehow,
5.2% optimistically believed
Sfuture  development cycles
would be longer.

The articles we ve reprinted in
this ELECTRONIC DESIGN supple-
ment should belp engineers
meet these increasingly tighter
schedules. Two of the articles
deal with co-verification, which

ed merchant computer boards | of those answering the | employes techniques that make
racked up $2.43 billion in ship- question said they it possible to verify both bard-
ments in 19906, according to a expect development ware and software before a
study by Venture Development | cycles to be shorter. | prototype is available. Another

Corp. (VDC) sponsored by ELEC-

article deals with the unified

TRONIC DESIGN and VDC. That figure is
expected to climb to $4.57 billion in 2001.

In terms of system sales, 46.7% of respon-
dents said they sold fewer than five systems
in 1996 and only 2.8% said they sold 5000
or more. For 2001, bowever, only 25.2%
said they expected to sell fewer than five
systems, and 12.7% expected to sell 5000 or
more.

Some very interesting responses resulted
from the question about the length of the

modeling language. Finally, we've includ-
ed an article on the need for software
developers to invest in the proper test tools
to ensure the quality of their product, and
what they should expect from tool suppliers.

JOHN NOVELLINO
Managing Editor, Special Projects
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EMBEDDED SYSTEMS

New Techniques Give Hardware And Software

ARNOLD S.BERGER

APPLIED MICROSYSTEMS CORP.,

Co-Verification Handles More
Complex Embedded Systems

THE TREND TOWARD MOVING INCREASING
AMOUNTS OF EMBEDDED SYSTEM COMPLEXITY
TO ASIC DEVICES HAS HAD A SIGNIFICANT EFFECT

ON THE USE OF THE CLASSIC IN-CIRCUIT EMULA-

tor (ICE). The problem is reduced visibility into the system’s operation as design-
ers hide more of the system functionality from the embedded software and bus-
level trace views of the system. To address the issue of internal visibility, new tech-
niques are being developed to blend the capabilities of the traditional ICE with the
functionality of an HDL simulator. By combining these tools with the appropriate
interface software, a very unique and powerful design methodology is created.
Since its introduction in the late 1970's, ICE has been the tool-of-choice for
embedded system debugging and hardware-software integration. Many engi-
neers have developed a love-hate relationship with the ICE. Those “ICE boxes”
were often cranky and difficult to use, but no one would argue with the high
degree of functionality and visibility that an ICE brought to embedded system
development. By tightly integrating microprocessor run control, memory over-

* Design algorithm ||, »
« Write HDL code Writetest vectors

| (dialect of ) ~ | Run simulations |

N
Ve et
b3 | 3¢ ;

1. BEYOND THE CO-DESIGN phase, the differences between the design
processes for bardware (in this case, an ASIC design using HDL-based tools) and
software are disappearing.

MARCH 9, 1998 ¢ SUPPLEMENT TO ELECTRONIC DESIGN ® 9
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NEW CO-VERIFICATION TECHNIQUES

the ASIC) is compared with the ex-
pected behavior of the system.

The testing of an ASIC and verify-
ing its functionality can be extremely
labor intensive. About half the total
time spent developing an ASIC is ac-
tually design work, while the rest of
the effort is devoted to functional ver-
ification and developing test vectors
for the silicon foundry to use in man-
ufacturing test. Even with this effort,
only about half the ASICs work is cor-
rectly in-circuit the first time.

IMPROVE EFFICIENCY

Clearly, there was a need to im-
prove the efficiency of this process.
Several companies have introduced
similar tools that attempt to address
this probiem from different angles.
The general architectural flow is to
create a translation and communica-
tions software package that takes
software instructions as its input and
turns those variables into test vectors
that are compatible with HDL simula-
tors.

For example, Viewlogic Corp.’s
EAGLEi automatically creates test
vectors for a simulator from C or C++
code executing natively on the host
computer. Special library functions
replace the memory or 1/0 calls that
would be used in the actual target
system (see code listings a and b). Re-
mote procedure calls (RPCs) link the
executing user’s program on the
workstation to the Eagle software,
called a Virtual Product Console
(VPQC).

What if designers could use an ICE
in a real target system with these co-
verification tools? Suppose that the
ICE could somehow recognize when
the actual processor was attempting
to access the ASIC device as if the
ASIC actually existed. Could the emu-
lator become the bridge that we've
been looking for? Several advantages
come to mind immediately:

*The actual code—C, C++, or as-
sembly language—could be used
without changing. This is extremely
important if legacy code is involved.

*The actual processor would pro-
vide the stimuli and response, so pro-
cessor behavior would be correct at
all times.

*The emulator could provide a

15

A

for (1=RRGIART: | <z RAEND:

FFFO215c: Fe0)oon addis
4 s E0:
F02160: addis

058

r12.r29.0.24.31
r12.000004r 31}

3. THESE RESULTS from an interactive hardware and software debugging
session show a waveform view from the VCS simulator (left window), the Verilog
source window from the V'CS simulator (right background), and the results from

the MWX-ICE debugger (foreground).

real-time trace of all actual system ac-
tivity, bus level or source level, and
the simulator could provide the com-
plementary trace information for the
ASIC’s internal hardware design.

Designess would have absolute
control of the target microprocessor.
The emulator’s unique claim is that it
can ahsolutely rein in an out-of-con-
trol microprocessor. Thus, the emu-
lator, through its ability to provide
processor run control, gives design-
ers overall system control and ob-
servability.

EMULATOR MODIFICATION

These compelling advantages led
to an effort to modify a generic 68040
emulator for that purpose. The effort
was successful as a proof-of-concept
experiment, but several technical and
customer-satisfaction issues required
an alternative solution.

The end result was a device called
the VSP-TAP (Virtual Software Pro-
cessor-Target Access Probe). It works
with an emulator or microprocessor,
but it is a wholly separate device. It
sits between the processor and the
target system, much like a preproces-
sor module for a logic analyzer. The
VSP-TAP monitors the activity on the
pins of the microprocessor and de-
tects when virtual accesses or inter-

12 ¢ SUPPLEMENT TO ELECTRONIC DESIGN ® MARCH 9, 1998

rupts are occurring. It then puts the
processor in a wait state and sends
the pin information to the simulation,
which is running concurrently on the
host computer. The interface soft-
ware sends back an acknowledgment
of the transaction. If the transaction is
a write, the processor is released and
code execution continues as before.
If the transaction is a read operation,
the VSP-TAP must continue to hold
the processor in a wait state until the
results of the read are available. This
could be on the order of milliseconds
or days, depending upon the com-
plexity of the simulation.

Developing the virtual/real system
around emulation-independent hard-
ware allows the designer to put to-
gether different types of co-verification
environments. For example, with a
VSP-TAP and an emulator connected
to the target, the emulator provides the
run control, trace, and overlay mem-
ory, while the VSP-TAP supplies the
virtual/real interface and the commu-
nications with the simulation running
on the host. Another arrangement can
use the VSP-TAP in a system in which
the processor itself is used, with no
ICE. The debugger would reside on a
host computer, and a remote debug
kernel would run in the target sys-
tem. A ROM emulator could act as a
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NEW CO-VERIFICATION TECHNIQUES

LAN communications device for the
debugger, but it is not necessary if a
separate serial channel is available.

It is important to remember that
most emulators expect that they can
always regain control of the micro-
processor. The assumption is that if a
bus cycle hangs or aborts and the
processor goes “into the weeds,” the
emulation circuitry can bring it back
into the emulation control mode. This
is significant because often when the
processor is under emulation control,
such as single-stepping or pausing-
execution flow, it is running a real
program at real speed. The program
just happens to come from the emula-
tor’s control system background
memory, not the target system’s
memory or the emulator’s overlay
memory.

However, many emulators will
monitor certain pins of the processor,
looking for state changes on these
pins. If the ICE does not detect activity
on these pins within a certain time pe-
riod, it will attempt to assert control
over the processor by generating an
NMI or RESET to the processor. Unfor-
tunately, this will ruin the program
flow since the processor is not hung-
up because of a defect, but is simply
suspended in an extended bus cycle,
waiting for the simulation to return a
value.

This problem can be difficult to de-
tect because the time-out generators
are not standardized, nor are they
tightly controlled. Typically, an RC cir-
cuit is used for this purpose, so one
time it might time-out at 104 ms and
another time at 97 ms. Also, differing
amounts of LAN traffic could easily
force a simulation to fail on one occa-
sion and not on another.

This condition also is true for a de-
bug kernel. Most debuggers use some
kind of time-out mechanism to allow
them to regain control of the proces-
sor. If this circuit times out due to an
extended wait state, then simulation
results will be erratic.

Consequently, for a co-verification
and debug environment to exist, the
debug tools must be aware that the mi-
croprocessor will exhibit unanticipated
behavior. In this case, very long wait
states on some bus cycles.

A second issue involves the number
of processors used. Some emulators

use two devices: A control processor
manages the overall emulation cir-
cuitry, and an emulation processor (of-
ten called a bond-out) does the actual
emulation. Some emulators, however,
employ one processor to both emulate
the target processor and control the
emulation communications with the
host computer. These instruments
would be at a disadvantage if the user
could not control the emulator for pe-
riods of time while the processor was
waiting for a simulation transaction to
complete. Consequently, emulators
that use a single processor are unsuit-
able for use with simulation environ-
ments.

Another potential problem is more
general and goes to the very core of
the use model for real-time and virtual-
time interfacing. What happens when
a virtual transaction begins and real
time stops, then vice versa? The an-
swer is that real time and virtual time
cannot overlap (Fig. 2).

This means that the user cannot as-
sume that real-time events will be
properly serviced all of the time in a
mixed real and virtual environment.

The VSP-TAP, for example, is basically
a passive device until a virtual access is
detected. Then, it acts to extend the
bus cycle of the processor until the vir-
tual transaction occurs. Thus, any real-
time target activity that is being con-
trolled by the processor and
monitored by the emulator can
progress normally, and the emulator is
an ideal tool for dealing with these in-
terrupt-driven, real-time events. It is
only when the real-time interrupts oc-
cur during the virtual accesses that
problems arise.

These problems are potentially very
serious. An example would be a
watchdog timer generating a rest or an
NMI after failing to be serviced. The
key is that the designer must be aware
of the operational mode of the target
system and the emulator to insure that
they are compatible with the notion of
real time and virtual time not overlap-
ping. There appears to be a need
among users for a way to allow real
time and virtual time to peacefully co-
exist, so work is being done on creat-
ing some form of overlapping time
support.

Code Listings

Listing a

void ramTest (unsigned int u32stAddr, unsigned int u32endAddr) (
unsigned int u32addr, u32data, *p32data
for (u32addr = u32stAddr; u32addr < u32endAddr; u32addr += 4)

(
u32data = ~u32addr;

*(unsigned int *)u32addr = u32data;
*pl2data = *(unsigned int *)u32addr;

if (*p32data != u32data) {
/* error */
}
}

Listing b

void ramTest (unsigned int u32stAddr, unsigned int u32endAddr) {
unsigned int u32addr, u32data, *p32data
for (u32addr = u32stAddr; u32addr < u32endAddr; u32addr += 4)

{
u3d2data = ~u32addr;
#ifdef EAGLE_VSPLINK

vspMemWrite32(u32addr, u32data);

felse

*({unsigned int *)u32addr = u32data;
*p32data = *(unsigned int *)u32addr;

#endif
if (*p32data != u32data) {
/* erroxr */
}
}

14 e SUPPLEMENT TO ELECTRONIC DESIGN ® MARCH 9, 1998
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NEW CO-VERIFICATION TECHNIQUES

A more subtle issue involves using
an emulator to interface to a virtual tar-
get system to run real code against a
virtual ASIC. This situation arises when
the target hardware hasn’t been com-
pleted but the software team wants to
move ahead by exercising their code
against the virtual ASIC. They decide to
use the emulator as their target execu-
tion environment by running the
code in the emulator’s overlay mem-
ory. This provides all of the function-
ality, with the exception of target sys-
tem stimuli, needed to execute real
code against the virtual hardware.

However, many emulators do not
drive pin activity to the bus during in-
ternal memory accesses. This would
prevent the VSP-TAP from detecting
the virtual accesses and the system
would fail. This is especially true if the
overlay memory mapper circuitry was
not flexible enough to deal with small
regions dedicated to ASIC interfacing.

Finally, the co-verification system
must be reliable and robust. Simula-
tions often run for long periods of
time. Although the processor and tar-
get may run at full speed, the simula-
tor—VHDL or Verilog—may run very
slowly, perhaps only 10 to 100 clock
cycles per second. And, since simula-
tors are expensive programs, floating
licenses are valuable corporate assets,
As a result, a simulation may very well
be set to run over a weekend. If it
does run over the weekend and the
target system locks up or the emulator
glitches, there must be a mechanism
in place that will at least keep track of
the system state up to the failure point
so that a record of what happened
can be reviewed by the design team.

Since emulators are generally de-
signed to be interactive in their use
model and simulators are designed to
run in a batch mode, this can be the
source of incompatible behavior be-
tween the software-design environ-
ment and the hardware-design envi-
ronment. Thus, emulators that can run
remote macro commands that upload
the state of the system at periodic inter-
vals would be very useful. This would
indicate, for example, when the pro-
cessor became hung-up waiting for a
virtual access to return from the ASIC.

The value of the hardware-soft-
ware co-verification use model, with
the emulation and simulation environ-

ments functioning in parallel, can be
shown. It can be shown by examining
an example problem from several dif-
ferent perspectives.

In the example, the application
code and the ASIC are being designed
and tested in parallel. After an
overnight build of the software, the lat-
est revision hangs up during accesses
to a certain register within the ASIC. It
isn’t clear from examining the VHDL
code and the C code where the prob-
lem lies.

The emulator is set to run until the
hang-up occurs. The real-time trace
captures the fact that the processor
accesses the ASIC and the virtual
ASIC returns a value, but the proces-
sor goes into an endless polling loop
waiting for the ASIC to provide the
proper signal. The target is restarted
but this time the emulator stops code
execution just prior to the virtual ac-

The in-circuit emulator,
the pre-eminent tool
for hardware-software
debug, can find new
value as part of a hard-
ware-software co-verifi-
cation design and de-
bug environment.

cess. Once the emulator enters pause
mode, the software designer single-
steps the processor into the virtual
access.

On the hardware side, the de-
signer watches the test vector come
across into the simulator and watches
the ASIC simulation flow until the re-
sult vector is sent back to the inter-
face. The vector comes back to the
processor as a 32-bit data word, and
the software designer sees that the bit
position assigned for the status of
that operation comes back as false,
even though the hardware designer
insisted that it was sent out as true.

The last processor the hardware de-
signer worked with was a Motorola
68030 and this design uses an Intel
i960HX. Of course, it is the ever popu-
lar little-endian, big-endian mixup.
The byte order was reversed because
Motorola and Intel processors use dif-
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ferent endian methods. Both design-
ers—hardware and software—thought
that they understood the specification,
yet this was missed.

How each designer approaches the
problem depends on his or her per-
spective. Suppose that the software
designer is running in a mixed real and
virtual target and the simulator is run-
ning on a different workstation located
somewhere else, although they are
joined via a common LAN. To the soft-
ware designer, the virtual accesses ap-
pear the same as the real ones. The
software designer sees data coming
back from the ASIC and uses the emu-
lator exactly as it was used in the past
to debug the target.

In the same situation, the hard-
ware designer sees test vectors com-
ing into the simulator as if they were
designed as actual test vectors, rather
than operational code. The hardware
designer can single-step, run to a
source statement, look at an internal
node, and do all of the operations
that were previously done with a vec-
tor file. However, this time the vector
generator is the real software. In a co-
verification setup, the design team
can display both the hardware and
software debug environment on
screen at the same time (Fig. 3).

Obviously, the in-circuit emulator,
a pre-eminent tool for hardware-soft-
ware debug, can find new value as
part of a hardware-software co-verifi-
cation design and debug environ-
ment. But since this technology is still
in its infancy, vendors are still discov-
ering what the issues are for designers
who adopt these techniques. One
such issue is real-time operating sys-
tems (RTOSs). An RTOS, by its very
nature, could become problematic in
such an environment. However, with
some simple extensions, RTOS/emu-
lation/simulation compatibility
should be rather straightforward to
achieve.

Originally published in Electronic
Design September 15, 1997,

Arnold S. Berger is director of the
co-verification business unit at Ap-
Plied Microsystems Corp., Redmond,
Wash. He received bis BS and PhD in
Materials Science from Cornell Univer-
sity, Ithaca, NY.
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Increased Software Content, Design Complexity, And

Systems In New Ways. SERGE LEEF

.......... MENTOR GRAPHICS CORP.

Hardware And Software Co-
Verification—Key To Co-Design

IT'S NOT NEWS THAT IN THE PAST DECADE THE
COMPOSITION OF EMBEDDED SYSTEMS HAS UN-
DERGONE DRASTIC CHANGES. EVERYONE IN THE
EDA INDUSTRY IS AWARE OF LOWER CPU PRICES,

advanced ASIC technology, and shorter time-to-market windows. However, the com-
bination of these trends dramatically increased the critical need for comprehensive
hardware/software co-verification. As a result, current system design methodologies
are measurably strained and sometimes pushed to obsolescence, forcing designers
to reexamine modemn design practices.

Advances in manufacturing technology and the turning of microprocessors and
microcontrollers into commodities instigated dramatic decreases in complex, 32-
bit CPU prices, with embedded system designers being the principal beneficiaries.
Enormous computing capacity has suddenly become available to be used in previ-
ously underpowered systems. These CPUs, seen mostly in high-end computing,
routinely started showing up in printers, telephones, appliances, and autos.

The appeal of high-end processors was so strong that many design teams
overlooked the inherent challenges associated with the surrounding hardware
and software. Elaborate external interfaces presented by these 32-bit proces-
sors called for complex interface logic to handle communications between the
CPU and ASICs. Where assembly language drivers and diagnostics were com-
monplace in the 8- and 16-bit CPUs, the 32-bit machines demanded more volu-

1. THIS DIAGRAM DEPICTS the product phases of a typical embedded system
development project. In addition to responding to market trends, designers are
Jorced to reexamine this design process to perform comprehensive verification of
their designs.
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HARDWARE/SOFTWARE CO-DESIGN

minous and complex software to man-
age all the resources that new CPUs
brought into the game.

The fact that 32-bit CPUs utilize
complex hardware structures such as
pipelines, caches, and pre-fetch
buffers, made writing the software in
assembly language impractical. The
software had to be writtenin C or C++
to take advantage of optimizing com-
pilers. Simple schedulers and micro-
kernels had to be replaced with sophis-
ticated real- time operating systems
(RTOS). While the hardware sur-
rounding the CPU had to incorporate
increasingly sophisticated interface
logic, the software component of em-
bedded systems also increased in both
size and complexity.

ASIC vendors started providing
sizable functional blocks such as em-
bedded cores in conjunction with the
traditional ASIC library elements.
The high ASIC gate capacity and pre-
existing cores provided the possibil-
ity of creating large scale systems-on-
silicon that, in extreme cases, include
a CPU core, a DSP core, and up to
500,000 gates of custom logic. Clearly,
the growth in size and complexity of
ASIC content in embedded systems
has placed a huge validation burden
on the design teams. These changes
also have made some of the existing
tools and practices obsolete. Very
large ASICs demand high memory
usage and high computational
throughput in simulation. Traditional
use of logic and HDL-based simula-
tion technologies is no longer ade-
quate as the sole verification strat-
egy. Because maximizing the chances
of first-time success is crucial, many
ASIC design teams are forced to
reevaluate their verification strate-
gies (Fig. 1).

SOLUTION DRAWBACKS

During the design and implementa-
tion phase of a hardware/software pro-
ject, different organizations address
the hardware and software compo-
nents of the design. For the most
part, the design proceeds simultane-
ously, but the software team is lim-
ited in what it can complete without a
physical prototype of the target de-
sign. What they can do is complete
the high-level design of the software
and some of the algorithm develop-

= ) SRS
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2. BY MOVING SYSTEM integration forward in the design cycle, as
illustrated above, the risk of finding bugs late in the design process, when they
are more difficult and more costly to fix, can be significantly decreased.

ment and validation. But much of the
debug and integration work cannot
even begin until a hardware proto-
type is available.

Consequently, most designs are
performed in a serial fashion. The
hardware is designed, validated, and
prototyped. Then the software is de-
bugged and integrated on that pro-
totype. The problem with this ap-
proach is that once the hardware is
prototyped, changes are expensive
and time-consuming to implement.

In theory, Integration and Test
are the final series of checks prior to
the release of the system to manu-
facturing. In practice, it is the first
time that completed hardware and
independently developed software
come together as a system. At this
time, numerous issues surface: mis-
interpretations of interface defini-
tion, out-of-date specifications,
poorly communicated changes, and
ineffective performance modeling.
In many cases, the real software and
integration debugging begins only
after the hardware has been built.
This debug and integration can take
up to half of the project schedule.

As problems are uncovered in the
integration phase, developers look
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for the fastest and most inexpensive
ways to fix those problems. Given
time and cost requirements, hard-
ware probiems are often fixed by
changing the software. Unfortu-
nately, only so much can be done in
software, and the functionality or
performance goals of the product
may be compromised with a soft-
ware solution. Occasionally, there
may be programmable logic ele-
ments in the circuit that can be re-
programmed to work around hard-
ware problems, but again, this
method is working around the prob-
lem, not fixing it.

To fix these problems without the
time and expense of changing the
hardware, they must be discovered
before hardware prototypes are cre-
ated. The software must be run on
the hardware while it is still in sim-
ulation, that is, a virtual prototype.
Before virtual prototyping can be
accomplished, the designer must be
able to simulate hardware at speeds
sufficient to make software execu-
tion feasible. In most cases, this
means that overall simulation per-
formance must be increased by a
factor of at least 1,000 times over the
current execution speeds of tradi-
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tional simulation products (one to
ten instructions per second). Then,
the debug and development environ-
ments for the hardware and soft-
ware must be brought closer to-
gether,

TRUE CO-VERIFICATION
AVAILABLE

A comprehensive hardware/soft-
ware co-verification environment
would alleviate the problems men-
tioned above. Higher performance
can be achieved by moving some or
all of the code and data space of the
program into the software domain,
partitioning the design. In this man-
ner, the memory references related
to reading and writing of data in the
software domain are not simulated
in the hardware simulator. Remov-
ing this work from the hardware
simulator can greatly improve the
performance of the system. The dis-
advantage is that the effect of those
memory references cannot be seen
in hardware simulation.

While the presumption that code
and data references are uninterest-
ing is correct (most of the time),
there are times when all bus activity
is significant from the perspective of
hardware simulation. There is a
commercial product, Mentor Graph-
ics’ Seamless CVE, that maintains
comparable levels of performance,
and provides greater accuracy by al-
lowing the designer to dynamically
repartition the memory.

When memory references and
their effects are not important, the
designer can map those memory ref-
erences in the software domain. At a
later time in the same simulation,
those memory references can be
remapped into the hardware do-
main. This technique allows the de-
signer to make trade-offs between
the level of performance and the
level of detail expected in the hard-
ware simulation.

INTEGRATION AND SIMULATION

Seamless CVE simulates the entire
system by integrating software and
hardware simulation with debug tools.
To create a hardware/software co-ver-
ification environment, the tool syn-
chronizes the software and hardware
simulators. It also provides system-

wide debug features such as setting
breakpoints in both the software and
hardware domains. Performance opti-
mizations speed the co-simulation pro-
cess by reducing the load of software
operations on the logic simulator.

One of the more crucial issues that
must be addressed in any viable
hardware/software co-verification
process is the logic simulator speed.
The problem arises due to the fact
that the typical logic simulation per-
formance on a large (100,000 gates to
500,000 gates) design is approxi-
mately ten clocks or cycles per sec-
ond (one instruction per second).
Compare this performance, for ex-
ample, with the 100,000 instruc-
tions/second of Seamless CVE’s
XRAY-Sim for software simulation
and debug. You can begin to see the
problem. Simply synchronizing the
two simulators in a lock-step fashion
would result in limited performance.
A simple way to address this issue is
to offer the user a number of optimi-
zation techniques.

As an example, Seamless CVE of-
fers an instruction-fetch optimization
that works by directing fetch opera-
tions to the memory-image server,
thus eliminating these cycles from the
logic simulator’s work load. A memory
read/write optimization works in a
similar fashion by directing reads and
writes for a specified address space to
the memory-image server. The mem-
ory-image server can process these
operations 10,000 times faster than a
logic simulator. Early in the co-verifi-
cation process, all memory operations
should be directed to the logic simula-
tor to verify the proper operation of
the memory sub-system. As verifica-
tion of a given address space is com-
pleted, the user can then choose
whether or not to optimize that space.

As the co-verification progresses,
larger amounts of memory can be opti-
mized, further speeding software exe-
cution. In effect, the optimizations
move memory from the slow-access
environment of the logic simulator to
the fast-access environment of
XRAY-Sim and the memory-image
server. The memory-image server
maintains a coherent view of memory
contents whether or not that address
space has been optimized. This tech-
nology fully supports the use of shared
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memory, where the processor writes
to a location that is later read by an
ASIC or other hardware.

SIGNIFICANT IMPROVEMENTS

The results of these optimizations
are dramatic. A co-simulation that
may run at 5 instructions/second on a
logic simulator will likely run at 50 in-
structions/second in this co-verifica-
tion process, with no optimizations en-
abled. The result of instruction fetch
and memory read/write optimizations
is a 10-100X improvement in co-simu-
lation performance. Furthermore,
these optimizations maintain full syn-
chronization between the software
and hardware simulators.

Clock optimization achieves an ad-
ditional 10-100X speedup by withhold-
ing clocks from the logic simulator dur-
ing optimized memory operations.
One application of the optimizations is
to speed software-intensive opera-
tions such as initializing a real-time op-
erating system. This time-consuming
task is primarily directed at establish-
ing the structures in memory required
to support the RTOS. This co-verifica-
tion process speeds through the opera-
tion in minutes while a logic simulator
requires weeks to perform the same
task. After the RTOS has been initial-
ized, the user may choose to reduce the
level of optimization to perform a de-
tailed analysis of the hardware design.

SEEING SOFTWARE EXECUTION

Often the debugging power of a
verifying process is just as important
as its accuracy and performance. In
one case, a user had tried to isolate a
problem in the hardware/software in-
terface of the design. Using alogic sim-
ulator and a hardware model for the
i960h microcontroller, system soft-
ware was compiled and loaded into
RAM modeled by the logic simulator.
The hardware model then executed
the embedded application. After two-
and-a-half hours of logic simulation a
state machine in one of the ASICs was
caught in a loop and would not exit.
The hardware and software teams
tried to isolate the problem for three
weeks with no success.

Without seeing the software execu-
tion, there was not enough information
to isolate the problem. Once this hard-
ware/software co-verification soft-
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ware was installed at the customer’s
site on the Seamless CVE, it took only
one hour to isolate and fix the problem.
The software had initialized a register
in the state machine to the wrong
value. Setting a breakpoint in the
state machine and noting where the
software was when the break point
was hit iselated this problem. By using
this co-verification process, a three-
week problem was reduced to a one-
hour problem.

Trends such as increasing software |

content, design complexity, and time-
to-market pressures, are driving de-
sign engineers to consider new ways of
validating their systems. Clearly, it is
extremely expensive to find and fix
significant hardware/software integra-
tion problems late in a project. Virtual
prototyping offers the promise of find-
ing integration problems earlier in the
design cycle. This technique, in turn,
reduces the duration of the Integration
and Test phase (F'ig. 2).

There are three principal reasons an
organization should consider switching
to a hardware/software co-verifica-
tion-based design methodology. If all
three attributes fit the design organi-
zation, then a co-verification strategy
should be seriously considered.

The first reason is if the design
group is building a 32-bit CPU into an
embedded system. Software imple-
mentation for 32-bit CPU systems
utilizes high-level languages, preex-
isting components (drivers, diagnos-
tics, etc.), and a sophisticated
RTOS—typically leading to profound
increases in software size and com-
plexity. In turn, verification complex-
ities are introduced that usually do
not exist in 8- and 16-bit systems
where software is frequently a single
thread of assembly language code.

The second aspect to consider is
whether large amounts of original
hardware are used in the system. As
mentioned earlier, large-scale ASICs
strain the simulation tools that are used
to validate the hardware. The number
of events that have to be serviced by a
logic simulator can become overwhelm-
ing for 100,000 to 500,000 gate designs,
forcing the validation strategy to focus
only on the most common and compact
testing scenarios. In other words, fairly
exhaustive validation that is possible
for designs smaller than 50,000 gates, is

-4
nvSRAM

NVSHAM
nvSRAM

1
1
1
1
1
1
1
1
|
1
1
i
1
1

nvSRAM
“nvéi.?AM

nvSRAM

nvSRAM knocks out BAT-RAM

Be a superhero! Discover the proven alternative to battery-
backed SRAMs. Simtek’s monolithic nonvolatile nvSRAMs auto-
matically retain data when power is lost with-
out an external battery. That means there are
no batteries or contacts to fail, and no data
loss due to electrical noise. These simple
replacements dramatically improve system
SIMTEK cost, reliability and manufacturing. Call today
to find out why smart designers are buying
our pin-compatible nvSRAMs instead of battery-backed SRAMs.

800-637-1667 — www.simtek.com

1465 Kelly Johnson Blvd., Colorado Springs, CO 80920
719-531-9444, fax 719-531-9481

gl
.,

|
{EMBEDDED SYSTEMS gl —

READER SERVICE 121

MARCH 9, 1998 ® SUPPLEMENT TO ELECTRONIC DESIGN ¢23




Singre Board Computers for the 218t Century

WM , Inc.

4
303) 422-8088
-~ www.sbc2000.com
READER SERVICE 110

CMX-RilXe RIIOS

Source Code Included * NO Royalties

80x86, Z80/180

80C 1 65/1 66/1 67, ST9, ST10
68HC11/12/16, 68K, 683xx
H8300H TLCS-900 ARM

CAN Commun/cat/ons Layer
now available

Compilers Simulators Debuggers

Available for most of the above processors
Including 68HC05 & PIC16/17

C 880 Worcester Road  Phone: (508) 872-7675
Framingham Fax: (508) 620-6828
COMPANY USA MACIPOZ " amait: amx@ems.com
WWW: www.cmx.com

READER SERVICE 122

ELECTRONIC DESIGN
wOnline
ON THE WEB

www.penton.com/ed

* CURRENT ISSUES OF ED
* QUICKLOOK-NEWS

» CIRCUIT DESIGN

* SUBSCRIPTIONS

* MARKET RESEARCH

* NEW PRODUCT SECTION
* ARCHIVE ISSUES OF ED

CO-DESIGN

no longer a viable option.

The third key attribute is the in-
tense pressure on the embedded sys-
tem design teams to meet tight dead-
lines and hit narrow market windows.
While in mature markets, such as au-
tomotive and consumer, the elec-
tronic subsystem may not be in the
critical path, dynamic market partici-
pants can ill afford major schedule
slips that frequently result from hav-
ing to change boards or ASICs during
the Integration and Test phase of the
design process.

Today’s system design cycle time is
dominated by software and hard-
ware/software interface issues.
Through the use of virtual prototyping
techniques, design teams can realize
significant time savings by catching
hardware/software interface bugs
prior to building a physical prototype.
Availability of a tool such as Seamless
CVE has demonstrated that a practi-
cal architecture for implementing a
virtual prototype environment is now
possible. Co-verification using a vir-
tual prototype allows these integra-
tion tasks to begin before the hard-
ware prototype is built. Optimization
algorithms allow large amounts of
software to be verified in concert with
the simulated hardware before a hard-
ware prototype is built and debugged.

The key to success lies in the intel-
ligent kernel that enables the engi-
neer to optimize performance and ac-
curacy while maintaining
synchronization between software
and logic simulation. While hard-
ware/software co-verification is only
one component of a larger overall
hardware/software co-design meth-
odology, it’s a crucial component that
leverages existing verification tools
and techniques to provide practical
value for current designs.

Originally published in Elec-
tronic Design September 15, 1997.

Serge Leef is the Director of Engi-
neering for Mentor Graphics’ Co-De-
sign Business Unit. He has been with
Mentor Graphics for seven years and
has been responsible for many simu-
lation programs including Seamless
CVE. Serge holds a BSEE and an
MSCS from Arizona State Univer-
sity, Tempe.
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General-Purpose Programming UML Provides A

Bebavior, And Interactions With Users.

BRUCE POWEL DOUGLASS

I-LOGIX

Designing Real-Time Systems With
The Unified Modeling Language

A COUPLE OF DECADES AGO, IN A GALAXY FAR,
FAR AWAY, THERE WAS A PITCHED BATTLE BE-
TWEEN THE FORCES OF STRUCTURED METHODS
AND THE DENIZENS OF HACKERDOM.

The structured forces won, clearly and decisively, because structured meth-
ods are better. The principles of structured methods—functional decomposi-
tion, information hiding, and abstraction—allowed larger systems to be writ-
ten in less time with fewer defects. More recently, there was a similar battle
between the structured stalwarts and the revolutionary object-oriented (OO)
guard. That battle also has been decided, again in the favor of the upstarts,
and again because the newer methods are better.

Object-oriented methods provide an even better decompositional strategy
with much better encapsulation and abstraction. There are case studies of

El e e
T

= Class |
Class [ Class_
EaER

1. DEPICTED ARE UML CLASSES, relationships. and associations. A full descrip-
tion of a class includes its name, attributes and bebavior at run time.
Relationships between classes include dependency (parent/child), generalization,
and refinement. Associations show bow one class uses the services of another.
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large-scale systems in which the con-
clusion of the developers was that the
products could not have been devel-
oped using structured methods. The
size and scope of the products was
just too large to have ever been
achievedusingtraditionalapproaches.
While the majority of new desktop
software is being developed using ob-
ject-oriented methods, only a small
percentage of embedded systems cur-
rently use objects. According to
International Data Corporation (IDC),
in 1995, over 55% of the OO analysis
and design market was using method-
ologies that now comprise the Unified
Modeling Language (UML).

The UML is a third-generation OO
modeling language. It adapts and ex-
tends previously published works,
and contains improvements and sug-
gestions. UML is being proposed to
the Object Management Group as
standard notation for object-oriented
development. Since UML is meant to
be used universally for the modeling
of systems, it applies as well to real-
time systems as it does to standard
desktop software applications. It pro-
vides a rich set of notations and
promises to be supported by all the
major CASE tool vendors (e.g.,
Rational’s ROSE, i-Logix’s Rhapsody,
Cayenne’s ObjecTeam, etc.).

UML provides notation and seman-
tics for a number of various models:

* Classes and objects;

¢ Use cases and scenarios;

e Behavior;

* Large scale logical packaging;
* Physical modeling.

UML CLASSES AND OBJECTS
Structured methods decompose
systems on the basis of functionality.
The data used by the functions is
treated as an afterthought. This results
in an increase in pathological cou-
pling among functions and a decrease
in the cohesion of the functions and
the data on which they operate.
Object-oriented methods instead de-
compose on the basis of objects, uni-
fying data and the functions that op-
erate on them. An object is an entity
that contains information and the
functions and operations that apply to
it. In the real-time world, objects can
be things like a flow sensor, a robot

DESIGNING WITH THE UML

PartObject, num

a"""dmmno’ 1000)

Queue<message, 1000>

2. IN REFINEMENT, AN INCOMPLETELY specified class is given enough infor-
mation to bave a unique name and parameterized values on which to operate.
One technique uses the -binds stereotype. UML provides stereotypes as a way to

extend the expressiveness of UML itself and to more clearly specify the designer’s
intent. Stereotypes may be indicated by Dplacing them between symbols that look

= -

like this (« +), as in bind-, or by using special icons.

arm joint, or an elevator (Table 1).
The class of an object defines its in-
temnal data structure and set of oper-
ations. When an object of some class
is created, every object has exactly the
same definition. That is, every object
instantiated from the same class has
exactly the same data items and op-
erations. For example, every object of
the Flow Sensor class has the data

items Flow and Total Volume, as well
as the operations Get Flow( ), Get
Volume, and Zero( ). Different flow
sensors have their own instances of
the Flow and Total Volume variables,
so that between different objects of
type Flow Sensor the values of Flow
and Total volume will differ. Thus,
each object instantiated from the
same class is identical to all other in-

v

o]

DO Yl wadae

3. A USE-CASE DIAGRAM of an elevator system shows the ways users will in-

teract with it. Each ellipse is an actual use case—some specific interaction with
the system. The stick figures represent potential roles of users. Actor icons also
could represent nonbuman elements such as other systems.
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SIEMENS

See us at the
Embedded Systems ‘98 Show, |
Booth M1,
Sindelfingen, Germany, ’
February 18-20, |
or the
Embedded Systems East Show, '
Booth 1501

Chicago, lllinois,
March 31 -April 2 '

8- AND 16-BIT

MICROCONTROLLERS

—

www.sci.siemens.com/can.html

Only Siemens has a CAN 2.0B
Mlcrocontroller for Every Price Point!

No one else offers more 8- and
16-bit price and performance
solutions for CAN 2.0B than
Siemens.

'COMPLETE
CAN

CAPABILITY.

Siemens is your one-stop shop for CAN
controllers. For 16-bit, we all ready offer the
C167CR, fast becoming the widely recognized
standard for CAN 2.0B. Now you can choose
the 8-bit C515C or C505C, which also have
CAN Version 2.0B, and will extend your
system capacity to over 500 million
messages. We have two stand-alone full
CAN 2.08B passive products: the SAE 81C90
and the 81C91-both of which can work in
CAN 2.0B active networks. With a selection
like this, and fabs around the world, we have
the chips and the capacity you need.
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The Leader in CAN Tools
Support.

Siemens has the largest selection of CAN 2.0B
develooment tools available to help you in your
next design. The next 4 pages contain a sample
of our strong worldwide development tools
support.

To see how you can use CAN,
call 1-800-77-Siemens for
information on our Evaluation
Kits and Lit Pack #M14A055.

Simplify your life. Siemens Microcontrollers
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Microcontrollers

Rapidsstart-up with your C166 project

fast-view66/WIN(3;1 /95 /NI

New: Debugging q&‘
A
|

via CAN-Bus

Open Development Platform with High-End Debugger,
CASE Tool, C/C++ Compiless€onfiguration Management,
Real Time Kernel, Emulator Support etc.

- Pro
Development, Testing.a

I Development Tools

Please contact us for more detailed information (408} 451-8408
50 Airport Parkway, San jose. CA 95110 1011

with

Phone: {408) 451-8408 Fax: (408) 437-7777
pls GmbH I
Strasse der Freundschaft 92, D-02991 Lauta, Germany "
Phone: 49-357-22-384-0  Fax: 49-357-22-384-69
Internet: info@pls+mc com or http /{vs(\/_vv.\_/ﬂg-mc;cic;rn_

— e Skt === = |

READER SERVICE 123

Supports C-16x

USNET® TGP/IP SuperTask!™
Embedded Networking RTOS Development Suite
® Protocols TCP UDP, IR, ICMP Mature, fast, and user
© RT0S Independent configurable. Prototype
* Includes cliens /servers BOOTP debug and multitask with

TELNET, FTP. & TFTP over 20 C/C++ compiler

USNET SNMP toolchains supported

Optionally Avatlable * Fost Tosk Switch

USNET Web Server

For use with any

o Full Featured — Over 70 System Calls
* Low Interrupt Latency
® Full Source Provided

TCP/IP stack. 415
HTML pages and i LSW.COM
FORMS 800-356-7097 (USA)
CGI Functions, META
U S SOFTWARE.
;:ﬁ:ing;&is Embedded Excellence.

7175 NW Evergreen Pkwy. Suite 100

EMUL166-PC

,n_c,mun N :)hha;.'s EMUL(‘]]():;;C sglppc;rts
e Siemens amily of
.mu'ﬂtor microcontrollers, including
for C167CR, C167SR, C165, C163, C161RI
s'.mcn’ and their associated Xperipherals. The
Cct (1] & EMUL166-PC emulator system consists
of a card which connects to the PC’s
0600 printer port (LPTx:), and a pod
,‘m,’y (containing the controller, memory and

logic) and a cable connecting

the two. The pod consists of

two PCB boards with the

ability to connect to a third

board for tracing capabilities.
The optional trace board can
record and trigger on internal
ROM and external buses. External
trigger infout is also available.

EMULS1:PC

supports the Siemens C500 family
including the C505C, C505CA
and C515C.

NoOHaU

CORPORATION

51 E. Campbell Ave.
Campbeil, CA 95008-2053
TEL: (408) 866-1820

FAX: (408) 378-7869
E-Mail: sales@nohau.com
URL: http//www.nohau.com

EMUL166-PC Features: |
+ Emulates at maximum
E‘:\‘ip speed (33MH2z) 4
« High-level support for al
popular C-compilers
« Set hardware and software
breakpoints
. 256K to 1M external pod
memory available
« Customizable regi
« Optional trace board

ster windows
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www.ramitex.dk
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FILASKIL?

CMX releases new RTOS
Designed Specifically for the C16X!

New CMX-RTX real time kernel has the same functionality, speed, and
efficiency, but uses the register banks of the C16X to switch tasks!

The results:k # % & % “...unparalleled performancer’
CAILL TOIDAY?
We Support many processors, such as:
All Siemens C16Xs & C500s as well as many other

8-, 16-, and 32-bit processors.
Be sure to remember 1o ast about other praducts such as

© CNEBuy ™"« CMXTracke: ¥~ « CMXTiny « CMXTinys e el Awarenoss sPGProto CMX-TCPAP Compiers
Hillsboro, OR 97124 "
TEL: 503-844-6614 » FAX- 503-844.6480 680 Worcester Road » Framingham, MA 01702
wft o gfil e M3uiw e CMX ¢ (508) 872-7675 » FAX: (508) 620-6828
: i COMPANY  www: http://www.cmx.com » email: cmx@cmx.com
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Development Tools Support ﬂ

¥ PREMIUM Performance

The Byte Craft Limited C8051 Code Development System  —————____
is a high-performance package designed for serious developers.

C8051 includes the BCL Windows 95 Integrated Development Environment,

a built-in Macro Assembler, the BClink linker and a fast, efficient optimizing

C compiler supporting the Siemens C500 series including the CAN C505C,
C505CA C505L, C515C, C517A, C540U and C541U processors.,

C8051 includes standard ANSI and Standardized Embedded Micro
Libraries, floating point, fixed point, and integer data types.

The C8051 enables the professional developer to design embedded
applications for the consumer electronics, telecommunications,
automotive and industrial sectors.

Runs under: Windows 95/98/NT. Also available for Q@S
HP-UX and Sun Solaris. £

For product information and free .
demonstration software contact /
our office or visit our web site.

Byte Craft Limited
421 King Street North

Waterloo, Ontario
Canada N2J 4E4

Tel: 1-519-888-6911

Fax: 1-519-746-6751

Email: info@bytecraft.com
BBS: 1-519-888-7626

~|>]agiefimpss) 81X

hitp://www.bytecraft.com
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dli CAN C16x

Logic Analyzer based
Embedded Analysis Tools

Location:

¢ Disassembler’s for all SAB C16x processors

¢ High Level Language View

» C16x HLL-Debugger with Logic Analyzer Link-Control

* Universal Interface Probe for real time CAN-Bus Analysis

dli digital logic instruments gmbh
Voltastr. 6
D-63128 Dietzenbach, Germany

o Phone:  (+49) (6074) 4002 0
P ) Fax: (+49) (6074) 4002 77
email: sales@dli.de
AR ENNREY .o http://www.dli.de
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The CAN-ABLE" Family

Hardware: 167CR, 167CR-F128

« Industrial Boards with GND & VCC Planes

» Built in CAN Physical Layer (82C250)

« C and Assembly CAN Routines  Up To 1MB RAM, 1MB FLASH

« All Processor Pins on Headers » Designed and Built in the USA

Software: READS166 V3.00, FLASH Program Software, CAN Demos
READS166 V3.00 inciudes an Assembler, C Compiler, and Monitor

* Native 32-bit Code to run on Windows95 and WindowsNT

» Sophisticated Project Management System

¢ Drag and Drop Code Development Libraries

= Dynamic Debugging: Single Step, Breakpoints, Animation

» Supports interrupts, Mixed Mode Programming (C-Asm)

RIGEL Corporation, PoBox 90040, Gainesville, FL 32607
Tel: 352-373-4629, FAX 352-373-1786, www.rigelcorp.com

« Device Net Compatible

Boards start at
$150,

Reads166 Lite
(64K Code) $295
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r‘:S(ymt.m_l for dg\f{‘e-l‘ppmen‘t_‘...CANaIyZer '

The ultimate tosl for CAN.

N LY

& Receive, analyze, transmit.
Powerful basic functions.
Versatile programmability. CAPL.

User friendly.

CANalyzer - trail-blazing

A

~ for industry.

Vector Informatik GmbH

Friolzheimer StraBe 6 - D-70499 Stuttgart
Tel +49 711139996-19 - fax -30
http:/www.vector-informatik.de

vector’

Vector CANtech, Inc.
Suite 1903539500 Orchard Hill Place, USA Novi, M1 48375
Phone +1248449-9290 - Fax -9704
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Got a CAN APPLICATION?

Use I+ME ACTIA -The CAN
networking specialists

for over a Decade!

1+ME supports your W
8- and 16-bit embedded |
designs with evaluation |
boards, industrial
components, and a
special optimized
software drivers!

I+ME's CAN Products and Services Include:

K Hardware & So‘tware Support for Siemens 8- and 16-bit CAN 2.0B
Microcontrollers

» CAN PC interfaces, including software

* CAN System Test & Design Tools for powerful network design
analysis & diagnosics

» CAN System Application Software |
® Complete Technical Support in US & Europe
® CAN Know-how

* CAN Consulting Services

) In the US: Te':(970) 244-1257  Fax: (370} 245-6267
|7L/V"_mh In Europe: Tel: (531)38701 12 Fax: (531) 38701 88
{ weme Reo 82 Worldwide: www.actia.com  email: INFO@IME-ACTIA.DE
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% CAN Hardware and Software
We can CAN. -controller

With fusr-siewéib, we off
only debugger n the
whach 5 abe 10 Cmmmarncate

over the

We offer you the possin
of systemn or cod2
mantenance usng
the CAN bus

Development Tools - "y
Please contact us for more detailed information (408) 451-8408 2055 Gateway Place, Suite 400

50 Arrport Parkway, San Jose, CA 95110-1011 San Jose. CA gs110, USA
Phone: {408) 451-8408 Fax: (408) 437-7777 Tel: (800) 454-4839
pls GmbH Fax: (408) 441-9486

Strasse der Freundschaft 92, D-02991 Lauta, Germany
Phone 49-357-22-384-0 Fax 49-357-22-384-69
Internet Info@pls-mc com or http //www.pls-mc com
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T/—?ACE32@ DZKE“_ C Compilers &

SOFTWARE RTOS %mﬁm.dﬁ
ONE SYSTEM FITS ALL!

v/ 8051 & C166 © Compllers
soocoe o>

Email info@hitex.com
Internet www hitex.com

v 8051 & C166 CAN Drivers
v 8051 & C166 RTOS

v CAN Example Programs
v C167CR & 81C90 Boards
v C505C, C515C, 81C90/91
v C167CR, C164ClI

U.S.A. Int tional
(800) 348-8051 (+40)/ 8945 60 40 0 DE KE (] I
sales@keil.com  sales.intl@keil.com S O FTW A R E

www.keil.cam www.kell.com/can
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Stick This in Your
Embedded Application

PHYTEC... stick it in®’

Insert-ready SBCs power Siemens’ C500 & C166 families
o All centroller ports & signals extend to standard-width pins akgning board ecges
* microMODUL (51x36 mm.) & miniMODUL (85x55 mm.) footprints

Call for
complete

product
catalog!

Lauterbach Datentechnik GmbH Lauterbach, Inc.

Fichtenstrafe 27 5, Mount Royal Ave * micrcMODUL series supports €501, €502, €504, C161, C163, C165, 80C166
D - 85649 Hofolding, Germany Marlborough, MA 01752 * miniMODUL series supports €509, C515C, 80C535/537/509, 80C166, C167CR
Fax: ++ 49-8104-89 43-49 Fax: 508-303-6813 * ADC; RS-232, RS-485 & CAN interfaces; 32 to 256 KB SRAM & Flash an-board

» /CS-signals erable external I/0; Requires low 5V. power source

Phone: ++ 49-8104-89 43-0 Phone: 508-303-6812 * Plugs as *big chip" into target systems
e-mail: info@lauterbach.com * From $115 single-unit price, inctuding Flash firmware & demo development tools
1 * Available as 100x160 mm. kitCON Evalboards with power & serial cannectors o

755 Winslow Way, Suite 302 « Bainbridge Island, WA 98110
LAUTERBACH &0h | |Peivinas s
X Robert-Koch-Strasse 39 + D-55129 Malnz Germzny
hitp://www.phytec.de 1"y o0y 613192210 » Fax#: +49 (0) 6131 922133
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Development Tools Support @

You CAN GET YOUR
MESSAGE THROUGH FASTER
WITH TASKIN'G TOOLS.

C++FOR ‘ \
C 166 Now!

« Get your first CAN application
up and running in 5 minutes.

« EDE Integrated environment delivers rapid
edit-compile-debug process.

« CAN library and CAN application included
(In C) - gets you finished faster

« CrossView Pro debugger is a snap to use.
Avallable as simulator or ROM monitor.
Supports all boards with CAN processor
(167CR/164Cl)

al TASKING

Ge* your application to market faster by visiting us ot:
www . tosking.com/slecan for free evaluation tools, or call us for a
CD-ROM: 1-800-458-8276.
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WILLERT SOFTWARE TOOLS =

Imagine getting a complete development tool chain,
optimized to work together—all from one partner!

We specialize in tools sales & support, (even installation) of
C166 Products from: Tasking, Keil, [+ME, pls, Hitex, Nohau.
Hightec, Syndesis, Rigel, and More!

WILLERT SOFTWARE TooLs GMBH
In Germany: 05722-240-81 Fax: 05722-240-83
In the US: (408) 451-8439  Fax: (408) 437-7777
www.schaumburg.de.wst.htm email: awillert@wst.schaumburg.de
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o Siemens C167CR, 16 bit controlle with CAN

* 512 KByte Flush-EPROM onbeard, 16 bit T vt state {opt. TMB) -
o 7 bytiwide socket (PLCC) for up to | MByte Flash-EPROM

® 256 KByte stofic RAM, 0 wait states (opt. 1MB)

© 20 WHz CPU clock, 100ns instr. cycle time

o Alf socessorsignals on dual row pin header

o 2 savial channels, batlery badkup unit

oSize 25 %32 :

« EVA boord for fost and easy stort available

o Storter Kit with module, EVA board, FLASHY66 (sw for easy
progromming of the Flush- EPROM) and damo (-Comgler avaloble

FORTH SYSTEME GMBH

 Posttach 1103 Tel ++49 7667 908-0
D-79200 Bre'sach Fax ++49 7667 908-220
email: sales@fsforth.de « httpy//www.gel.com/forth
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2

Module C167CR

|
|

OUT OF THE BOX, —

Embedded in the heart of crifical applications
for automobiles, instrumentation, process con-
nol and telecommunications since 1985, RTXC
is a proven and reliable performer.

Your realfime embedded application depends
on the reaHime kemel you choose. It's the
very heart of your application, responsible for
system performonce, efficiency, and reliabilify.

Using RTXC means you immediately begin
applying resources to the opplication without
the worry of developing the kemel. With RTXC,
you increase the probability of making it to
morket on schedule.

Find Ovut For Yourself -
Call Us Today!

INTII YOUR Pllﬂllllﬂ'

~ Embedded System Produds Inc.
%” Embedded 0450 Snci, Site 110, Houston, Texss 770994336

tem
P)r’ts)deucls Phane: (800) 5254302 or (281) 561-9990 Fax: (281) 561-9980
emoit: sdes@rixc.com

UK/Europe: Embedded System Products (Europe)
Tel: +44 (0)1635 553020 o Fox: +44 (0)1264 736768  Email: euro@rixc.com

web: www.rtxc.com

IQ C omponents
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Old World-new ideas

8 BitMC Family C500/8061
16 BitMC Family C166
32 BitMC Family TriCore ]

CAN Controller Network
CAL Controller Application Layer
DSP Dlgltal Signal Processmg

MicroConsuLt GmsH GERMAN\
Microelectronics Training Center

CALL +49-89-450617-0 TODAY ASK ABOUT OUR
COMB|NATION CLASSES AND SKi PACKAGES IN

BAVARIA Autorized Training Center

of SIEMENS Semiconductor
Group
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ToP oy ality EMBEDDED CAN APPLICATION

/ Using SIEMENS C167CR controller
/ Credit card-sized (82x54 mm) board
v/ Up to IMB SRAM, IMB FLASH

/ 2 R$-232 & CAN Interface on board
v/ Free programmable address mapping
/ Easy download via RS-232

/ “Plug & Play” Starterkit available

Ata v

o=

ToM167C
&
CAN-Minimodule
Complete STEMENS controller family minimodule series available
TQ."164 TQVI65 TQ“”66 TQ/\’I6 7LC TQ/\/I6 7

1225 Northmeadow Parkway
Roswell, GA 30076
Tel. (770) 664-4744
Fax (770) 664-5558

Gut Deliing - Mihlstr. 2
D-82229 Scefeld

Tel. (++49) 8153-9308-0
Fax (++49) 8153-4223
http 'www.1qc.de
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SIEMENS

24882 Now You Can Learn
gt‘ \‘ I CAN 2.0B Live From

CAPABILITY. the Experts

Watch participants learn CAN techniques from
the experts at our custom CAN Lab at the
Siemens Exhibit (Booth M1) daily at the
Embedded Systems ‘98 Show in Sindelfingen,
Germany, February 18-20, or, at the Embedded
Systems Show in Chicago (Booth 1502), March
31-April 2.

Watch or participate in the CAN 2.0B Labs and
Tutorials, and learn how to use selected tools and
the C167CR CAN Developers Kit to:

* Configure a CAN Application Layer

* Develop and Design a CAN System

READER SERVICE 107
Simplify your life. Siemens Microcontrollers

8- AND 16-BIT

MICROCONTROLLERS

T—

www.sci.siemens.com/can.html

We'll show you how easy it is
to network your applications...

Learn CAN 2.0B on the Web! |
Now you can catch a condensed version of the
CAN 2.0B tutorial at our on-line lab at these sites:
www.mfuniversity.com
www.sci.siemens.com/can

SIEMENS

See a Demo DAVE - Live!

DAVE is the Digital Application Engineer every-
ones talking about. If you'd like to hear exactly
mﬂ} what they're saying -
o | come visit the
| Siemens booth and
find out from the man
himself! Afterwards,
you'll wonder how you
ever managed without
him. Even if you miss
him at the show, you can order your own copy of
DAVE at www.smi.siemens.com/DAVE or

Call 1-800-77-SIEMENS and order your own
personal copy of DAVE!

e
o~
-




EMBEDDED SYSTEMS

stances in terms of structure (data and
behavior), but differs in terms of cur-
rent values and current behavior. Most
of the time, this subtle distinction be-
tween type and class can be ignored
except in languages that make the dis-
tinction visible, such as Java.

The key representation for object-
oriented systems is the class diagram.
Class diagrams show the important
classes in the system and how they re-
late to each other. The notation uses
rectangular boxes to visually indicate
classes. From these classes, software
objects will be created at run-time to
perform the duties of the system. Some
boxes display more information than
others. The simple box contains only
the name of the class. The 3-segment
boxes give the name of the class in the
top segment, a list of attributes in the
middle segment and a list of opera-
tions in the bottom segment. The lists
of attributes and operations shown
need not be complete, since the com-
plete definition of the class is held in
the object repository provided by your
CASE tool. The lines connecting the
boxes represent some association be-
tween classes whose instances must
communicate. UML distinguishes sev-
eral different kinds of class relation-
ships and associations (Fig. 1).

UML RELATIONSHIPS
In UML, the term relationship is

DESIGNING WITH THE UML

used to identify some connection be-
tween classes. One class can be a spe-
cialized version of another—this re-
lationship is called generalization.
For example, you might have a sen-
sor class and it might be specialized
into attitude sensor, direction sensor,
and speed sensor. Generalization is
one of the most powerful facilities of
object-oriented methods because it
allows programming by difference.
One class is defined in terms of an-
other and defined only by the differ-
ences. This relationship also is known
as inheritance, subclassing, and par-
ent-child relationship.

A generalization relationship
means that one class inherits behav-
jor and structure from the other; that
is, one class specializes or extends the
other. In UML, the more generalized
class is called the base class or su-
perclass while the more specialized
class is called the derived class or sub-
class. A subclass inherits all the data
and behavior of its superclass. It may
specialize those behaviors or extend
them by adding new data and oper-
ations. A Motor class might have op-
erations Power( ) and Speed(). A DC
Motor will specialize the motor be-
havior by applying voltage to control
the motor speed. A Stepper Motor can
specialize the behavior by adjusting
the step frequency. A Stepper Motor
can extend its superclass by adding

4. IN A SEQUENCE DIAGRAM of the elevator scenario, vertical lines represent

. '{

o - o |

objects and the messages passed between objects are shown using horizontal or
diagonal arrows. Following the diagram left to right and down gives an exact
sequence of messages and events that takes place between objects. For time-criti-
cal scenarios, timing notations can be included along the left margin.

a Zero( ) operation.
Implementing generalization is
straightforward in C++. For example,

class sensor {
protected:
int value;
public:
virtual int getValue(void);
k

class AttitudeSensor : public Sensor {
public:

virtual int getValue(void);
k

The AttitudeSensor child class can
then redefine the getvalue( ) opera-
tion to do something suitable for an
attitude sensor. Because Attitude-
Sensor is a subclass of sensor, it has
a value atribute and a getValue( )
function, inherited from its super-
class. We define it again in the defi-
nition of AttitudeSensor so that we
can change its behavior.

Implementing generalization in a
structured language such as C is less
obvious and requires the use of ad
hoc coding rules. The simplest way
is to use a struct to represent the data
portion of the class and use a func-
tion pointer to implement the virtual
methods, which in C++ are functions
that may be overridden by sub-
classes. The subclass may then point
to a different function. The function
itself is implemented with an addi-
tional first parameter indicating the
instance of the struct to which the
pointer applies:

struct sensor {

int value;
int (* getValue)(sensor “this);

typedef sensor AttitudeSensor;

A refinement relationship de-
scribes a parameterized class (tem-
plates in C++ and generics in Ada)
and the class that is created is the re-
sult of instantiation. Parameterized
classes are an incomplete class spec-
ification, so no objects may be directly
instantiated from a parameterized
class. The refined class includes the
definition of the undefined portions
of the parameterized class. The un-
defined portions can be base types or
numeric values. Container classes are
most often implemented as parame-
terized classes. The container defines
the containment behavior and struc-
ture, which is then refined to contain
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a specific type. A vector, for example,
can define vector behavior without
knowledge of the types of objects
stored. The class can be refined to a
vector of 1000 integers, and this class
can be instantiated.

Figure 2 shows a parameterized
Queue class that is in itself incom-
pletely specified. To be complete, the
tvpe of object being queued as well
as the maximum number of queued
objects must be specified. Three ways
to show the refinement relation ap-
pear in the figure. The first is with an
explicit listing of the parameterized
values on the refinement relationship
itself along with the <bind- stereotype.
This allows the refined class to be
named, such as MessageQueue.
Another means is to include the pa-
rameterized values between angled
brackets that follow the name, as in
Queue<message, 1000>. Lastly, the
refinement relationship itself may be
inferred by the presence of the pa-
rameterized values in the angled
brackets, so it need not be shown.
These latter two notations are useful
when the refined class itself is anon-
ymous, a common C++ idiom.

A dependency relationship means
that a class depends on some service
of another class, but does not have
an internal reference or pointer to it.
For example:

Class FilteredWaveform: public Waveform{
public:
virtual int GetSample(void) {
int x = Waveform::GetSample( );
int pos = insert(x); / insert into intemal

queue wf

return Smooth(wt, pos); // external
function
In this example, the

FilteredWaveform GetSample( ) op-
eration does not have a pointer or a
reference to the Smooth function, but
just “knows about” it. This knowledge
allows its methods to be called even
without a pointer.

UML ASSOCIATIONS

A normal association implies that
a client class uses some facilities of a
server class. The lifetimes of the ob-
jects participating in the association
are not bound together. Although an
unadorned line is assumed to be a
bidirectional association, by far the
most common arrangement is that the
client knows about the server, but not

DESIGNING WITH THE uML

TABLE 1. OBJECTS IN A UNIFIED MODELING LANGUAGE

Object Data Operations
Flow Sensor Flow ’ _G,e,', quw( )”
i B i __ Totalvolume I h Get Volume( )
i R SR e Zero( ) :
|
| Robotamjoint | Poston |  StepFoward() |
i | StepBackward()
[ aetPostion()
Elevator " 7 - 71!0?1?3_1@1?: -—:: ; Ge! F;ositibn()
7 : 7 7 fD‘irWection th Directjon( )

vice versa. A sensor object might act
as a server to a number of clients. The
sensor has no idea which objects may
ask for the information, but the client
objects know how to invoke the fa-
cilities of the sensor. To indicate uni-
directional navigation, an open arrow
may be added at the server end of
the association.

Associations may be named, as in
“contains” or “controls.” Because the
association is always named from one
object’s perspective, a standalone ar-
rowhead indicates the perspective.
The roles of the objects may be named
by putting role labels next to the
classes where the association con-
nects. Although role names for both
ends of any association may be added,
it is usually enough to name one end.
The other end is a simple conjugate
of the first. If one role is “client,” the
other is likely to be “server.”

An aggregation association means
that one object logically or physically
contains another. Aggregation is
shown with a small empty diamond
on the “whole” end of the associa-
tion. In C++, both aggregation and
uses can be implemented by using

Add Destination( )
Emergency Stop( )
Alarm( )

either a pointer or a reference to the
server or part object, as in:

Class Sensor {

private:

Converter* ADC_Channell;
Converter& ADC_Channel2;
protected:
int CalConst;
int Value;
public:
sensor(converter*C1,C2);
virtual int get(void);
int Calibrate(int cal);

k

UML allows sharing of an aggre-
gated object by more than one owner
object.

Composition is a stronger form of
aggregation. Itimplies that there is ex-
actly one owner object and the life of
the aggregate object begins after the
creation of the owner and ends be-
fore the end of the owner. The owner
is explicitly responsible for the cre-
ation and destruction of the compo-
nent. Composition may be imple-
mented by pointers, references, or
containment as in:

class Composite {

public:

Obj1 *component1;
Obj2 &component2;
Obj3 component3;

TABLE 2. OBJECTS THAT PARTICIPATE IN AN ASSOCIATION

| ~ Muttiplicity | Description
' 1 Exactly one object participates al ‘
[ ; X : I 0 or more objects participate in the role 1
Y e L L 71 firange qu!ﬁ:jects participate in lh;a rc;: eg., 3.6 t eV
XY,Z | Alist of possible numbers of participants, e.g., 1,3,5,6.9
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The number of objects that partic-
ipate in an association are known as
that association’s multiplicity. Often
one instance of a class sends mes-
sages to one instance of another. This
is a “1 to 1” association. Equally of-
ten, one instance of a class sends mes-
sages to more than one instance of
another. This is called a “many to 1”
relationship. UML multiplicities are
shown at each end of the class asso-
ciation (Table 2).

Objects communicate by sending
messages to one another. The pres-
ence of an association necessarily im-
plies that the objects communicate in
this way. The concept of messaging is
an abstraction of object communica-
tion. Object messaging may be im-
plemented in terms of function calls
(most common), a real-time operat-
ing-system (RTOS) message and event
posting, or bus messaging. Abstracting
object communication allows you to
ignore the implementation details of
object communication until design. In
design, these messages will result in
acceptor operations being defined in
the receiving object(s) in the simplest
case. Or they will be interfaces to an
RTOS or communication protocol
stack when the objects are in differ-
ent threads or processors.

USE CASES AND SCENARIOS

Use cases are broad-stroke de-
scriptions of how a system will be
used (Fig. 3). They provide a natural
high-level view of the intended func-
tionality of the system that is under-
standable regardless of the technol-
ogy used to implement it. This makes
use cases invaluable for talking with
customers and marketing executives
who must specify the system to be
implemented.

The large rectangle shows the
boundaries of the system under de-
velopment. The objects (shown using
the UML-defined actor stereotype
icon) arranged around the system are
external objects that interface with the
system. The ellipses inside the system
rectangle indicate the use cases them-
selves.

Use cases are isomorphic with
function points. This means that use
cases per se are not object-oriented.
They are, in fact, a functional view of
the system. Generally, this means that

DESIGNING WITH THE umML
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[else]
[isValid(msg)]
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mitting” are nested within the state “enabled.” This nesting can go down to any
level. The © is a conditional connector allowing the conditional expressions to

control the transition.

use cases cannot be uniquely elabo-
rated to an object view. Nevertheless,
the use case diagram is a useful view
for capturing and communicating
high-level requirements.

A use case is a general pattern or
strategy of system use. Consider the
use case “Take a ride” from the ele-
vator use case diagram (Fig. 3again).
There are many instances of this use
case, such as when the elevator is at
the floor when called, below the floor
but going the right direction, or above
the floor going the wrong direction.
A use case always represents many
different specific threads of interac-
tion. These specific threads are called
scenarios. Every scenario is a specific
instance of a use case.

An example of a scenario from the
“Take a ride” use case would be:

1. Elevator is Idle and above; the tar-
get destination is above,

2. Elevator is Idle and on the current
floor; target destination is above.

3. Elevator is going up and is above
the summoning floor; target is above
the summoning floor.

4. Elevator is going up and is below
the summoning floor; target is above
the summoning floor.5. Etc.

This is a particular path through
the system functionality, but dozens
of distinctly different scenarios are
possible. UML provides two notations
for modeling scenarios: The se-
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quence diagram and the collabora-
tion diagram.

Sequence diagrams use vertical
lines to represent objects. Messages
passed between objects are shown
using horizontal or diagonal arrows
as in the “Take a ride” scenario (Fig.
4). Time flows from the top of the
page down. Unless specifically an-
notated, only the sequence of mes-
sages is shown, not exact time.

The textual annotations along the
left edge of the diagram help explain
the diagram. For real-time designs,
exact timing must often be specified.
UML allows textual annotations to be
added to sequence diagrams when
timing is important. There are two dif-
ferent notations used to specify tim-
ing. The first uses short horizontal
lines with a time indication between
them. The second labels the mes-
sages “a” and “b” and specifies a tim-
ing expression between curly braces.
The timing specification is a con-
straint and UML notation places all
constraints within curly braces.

Other extensions are used as well.
Some are specified in the UML
Notation Guide and others are pro-
vided as elaborations. For example,
Rhapsody, the object-oriented CASE
tool available from i-Logix, lets you
specify the current state on the se-
quence diagram as well, providing an
obvious visible linkage between the
scenario models and the state dia-
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grams. The other notation for model-
ing scenarios is the collaboration di-
agram. This diagram specifies the or-
der of messages, and allows timing
annotations as well. Sequence is more
prominent in the sequence diagram
but structure is more obvious in the
collaboration diagram. Arrows at-
tached to the messages indicate the
direction the message is sent. The
numbers on the messages indicate the
order in which they are sent.

Real-time systems care a great deal
how messages are handled between
concurrent processes. UML provides
icons that can be added to any mes-
sage to indicate its concurrent be-
havior. The symbols are taken from
Booch'’s earlier work.

These symbols can be added to the
message to indicate how the concur-
rent processes are synchronized dur-
ing the message:

e Simple—Simple synchronization
merely denotes that the synchroniza-
tion has not yet been specified.

¢ Balking—A balking rendezvous
means that if the receiving task is not
ready, the sending task aborts the
message and continues.

¢ Asynchronous—An asynchronous
rendezvous means the sender sends
the message and continues without
waiting for the receiver to get the mes-
sage.

¢ Time-out—A time-out rendezvous
indicates that the sender will wait for
the receiver to be ready for the mes-
sage up to some fixed time before
aborting the message transmission
process.

* Synchronous—A synchronous ren-
dezvous means that the sender waits
until the receiver is done processing
the message before continuing. This
is commonly implemented as a stan-
dard function call.

BEHAVIOR

UML behavioral models are based
on finite state machines using the
Harel statechart notation and seman-
tics. Harel statecharts can more clearly
depict complex behavior than the
more common Mealy-Moore state
models because they support:

e Nesting of states;
e Concurrency;

DESIGNING WITH THE uML

e Guards on transitions;

® Propagated events;

e Actions on transitions;

* Actions on state entry;

e Actions on state exit;

* Activities occurring as long as a
state is active.

The single most important con-
ceptual tool developed over the last
4000 years is the idea of decompos-
ing difficult large problems into sim-
pler smaller ones. Because Mealy-
Moore state models don’t provide
either hierarchical or orthogonal de-
composition, they don’t “scale up”
gracefully to large problems. As state
machines get more complex, it be-
comes more and more difficult to rep-
resent them using flat models.
Support for orthogonal components
is necessary to provide the ability to
model concurrency.

Consider a simple class that has
three attributes:

e tColor color (eRed, eBlue, eGreen)
¢ Boolean ErrorStatus (TRUE, FALSE)
e tMode tMode (eNormal, eStartup,
eDemo)

What is the “state” of an instance
of this class? It is composed of the
various possible values of each vari-
able. There are 18 possible states.
This example illustrates a well-
known problem with Mealy-Moore
state models—state explosion. To de-
scribe orthogonal components using
a flat model, each combinatorial set
of the component states forms a new
state.

The other means of decomposition
is the nesting of states. Just as objects
or functions can be composed into
smaller and smaller pieces, states can
be nested within other states. The se-
mantics of orthogonal components
dictate that when the object is in a
state with orthogonal components, it
must be in exactly one state for each
currently active orthogonal compo-
nent. The inclusion of orthogonal
components makes UML state dia-
grams expressive in terms of concur-
rency, while the nesting makes them
much more readable.

In the example of a communica-
tion controller, the states Disabled
and Enabled are at the same level of
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abstraction (Fig. 5). However,
Enabled is decomposed into three
primary substates: Idle, Receiving,
and Transmitting. These latter two
states also are “rich” and are further
decomposed. While in the Receiving
state, the communication controller
can be Waiting for Byte. In this state,
it is receiving a byte stream. If a time-
out occurs before the next byte ar-
rives, the controller assumes that the
stream is done and then it transitions
to the Validating state.

Within the “receiving” state, once
“validating” is done, and if the re-
ceived command is valid, it enters the
Processing state during which it acts
on the received message. When pro-
cessing is done, the controller goes
to the Transmitting state to send an
ACK response. If the command is not
valid, then it transitions to the
Transmitting state immediately so
that it can return a NAK. Nesting states
in this way allows states to be de-
composed, allowing the developer to
break down large complex state ma-
chines into hierarchical structures.

Transitions are more elaborate in
UML than even in the Harel notation.
The UML syntax for transitions is:

name(argument list)[guard] N event
list / action list(argument)

Let’s examine each of field in trn.
¢ The name is the name of the tran-
sition. Often, this is the only thing
specified for the transition.

e [t has an optional argument list to
indicate when data is present in the
transition. This argument list is en-
closed within parenthesis like a stan-
dard function call.

e The guard is shown in square
brackets. A guard is a condition that
must be met for the transition to be
taken.

e The event list is a command-sepa-
rated list of events that will be prop-
agated as a result of this transition.
This is largely how concurrent state
machines communicate.

e Lastly, the action list specifies a
comma-separated list of functions
that will be called as a result of the
action being taken. Each may have
an argument list as well.

The syntax for transitions is rich and
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allows the triggering events to carry
data, propagate other transitions,
and initiate actions. For example, all
of the following are valid state tran-
sitions:

¢ JustDolt

e JustDolt(x)

e JustDolt(x: int)

e JustDoit(x) (x>0]

o JustDolt [y<10] / print(y)

e JustDolt(x,y)[x>y+10] ANike.
MakeMoney(MuchoDinero)/ print(y)

UML provides a number of ad-
vanced notations and semantics
where they are required. They don'’t
have to be used, but like parachutes,
they are nice to have when you re-
ally need them.

A stereotype is the metaclassifica-
tion of an element of the UML. It
identifies the type of the element
within the UML metamodel. For ex-
ample, predefined UML class stereo-
types include Signal, Exception,
Interface, Metaclass, and Utility.
Predefined task stereotypes include
Process and Thread.

The primary advantagesof stereo-
types are: They make it possible to
refer to the type of the element, as
in “That class is an Exception class;”
and they allow UML to be extensi-
ble by the user of the method by
definition of additional stereo-
types. Stereotypes are indicated
with the element name and are en-
closed by symbols that look like
this (« ») or by special icons.

Real-time systems are often deliv-
ered on custom platforms, and the
engineer must develop not only the
software, but the hardware compo-
nents as well. The hardware devices
must be bound together with the
portions of software they will run.
UML provides deployment diagrams
to show the organization of the hard-
ware and the binding of the software
to the physical devices. Deployment
diagrams show various hardware de-
vices (called nodes) and their phys-
ical interfaces. The type of the hard-
ware device is given by its stereotype,
such as Processor, Device, Display
Memory, or Disk.

For large-scale development, UML
supports the concept of packages. A
package is a grouping of inherently

cohesive entities. The class model
can be packaged by area of concern,
such as User Interface, Device 1/O,
and so on. UML uses a tabbed folder
torepresentaclass package. Packages
can contain things other than classes.
Implemented code can be packaged
into subsystems that represent de-
ployed software components.
Stereotypes are used to clarify the
type of package («category» for the
class model or ssubsystem- for the
code model).

UML is a third-generation, feature-
rich object-oriented modeling lan-
guage that is particularly appropriate
for real-time systems. It provides sup-
port for the classes and object, and
many kinds of associations among
them, such as aggregation, uses, de-
pendency, inheritance, and instanti-
ation. Use cases are directly provided
along with scenario modeling for de-
tailed description of required system
behavior. Enhanced finite state-ma-
chine modeling supports a number
of real-time features including con-
currency, event propagation, and
nested states. The method itself is ex-
tensible though the definition of ad-
ditional stereotypes.

UML is a powerful modeling lan-
guage and has more notation and se-
mantics than presented in this brief
introduction. Interested readers are
referred to forthcoming books on
UMLformoreinformation. Notational
guides and other information can be
obtained from Rational Software’s
web site (www.rational.com) or the
i-Logix web site (www.ilogix.com).

Originally published in Electronic
Design September 15, 1997.

Bruce Powel Douglass has
worked as an engineer in embed-
ded systems for almost 20 years. He
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on object-oriented methods for real-
time systems, including “Real-Time
UL: Efficient Objects for Embedded
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oriented methodologies for real-
time systems, project management,
and safety-critical systems design
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nies wishing to use object methods
in embedded systems.
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Dancing With Devils: Or Facing
The Music On Software Quality

TALK TO ALMOST ANYONE MAKING END-USER
EMBEDDED SYSTEM PRODUCTS OR TOOLS TO
MAKE THOSE PRODUCTS AND YOU GET THE DEF-
INITE IMPRESSION THAT SOMETHING IS AMISS.

The product developer tells horror stories about the lack of experienced talent,
slipping schedules, missed market windows, exorbitant labor costs, and tool
chain failures. The tool manufacturer tells similar tales and adds his or her own
concerns about low sales margins and high engineering and customer support

Customer
needs

Requirements _‘ ______________________ o System
analysis o test
Preliminary |~~~ Integration
design | o test
Delailed |, |  Unit
design test

1. A CONTROLLABLE TESTABILITY process tracks the
product development cycle, also known as the V-cycle model
Jor its shape. Unit tests test individual code modules at the
detailed design level. At the top and toward the end of the
development cycle, operation testing determines if the

product actually fulfills the customer’s needs.
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costs. No one is pointing any fingers yet,
but it is obvious that the symbiotic rela-
tionship between tool manufacturers and
product developers is reaching a crisis
stage.

Consider the product developer’s situ-
ation. To stay in business, the developer
has to fulfill the market’s almost insatiable
demand for new products. Software has
displaced hardware as the main cost area
and product development teams are in-
creasing in size. Industry estimates suggest
the ratio of software to hardware engineers
on projects is now about 7 or 8 to 1.
Developers need reliable tool chains and
components that work because their prod-
uct development cycles are measured in
months. Product life cycles grow con-
stantly shorter and new products come
about through incremental improvements
to existing products. The “clean sheet” de-
sign approach is rare. The developer sees
software for his PC being sold cheaply, and
expects the embedded system develop-
ment tools to be similarly priced. On top
of those pressures, the demand for engi-
neering resources is so great that scarcity
is now the rule. Six-figure salaries and a
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2. CHANGES IN THE test suite or the code under development can lead to the

SOFTWARE QUALITY

discovery of an increased number of ‘problems. This can be a good thing. As the
number of problems diminish under a stable code and test suite base, confidence

in the reliability of the software increases.

platter of perks are commonplace for
even mildly competent software engi-
neers.

Now, take a look at the tool man-
ufacturer’s situation. To stay in busi-
ness, he has to meet a similar set of in-
satiable demands from product
developers for capable and efficient
development tools. Semiconductor
manufacturers produce new proces-
sors almost weekly, thereby com-
pounding the demand from product
developers who want to use the latest
and greatest silicon. And like the prod-
uct developer, the development cycle
is measured in months, with tool lives
correspondingly short. Similarly, new
tools come about through incremental
improvements to existing tools. With
engineering resources coming from
the same talent pool as those for prod-
uct developers, scarcity is com-
pounded, driving cost higher.

Notice anything similar? There is lit-
tle difference between the two. Each
is, at once, both a tool user and a prod-
uct developer. They experience the
same problems; if one fails, the other
feels the blow. They dance to the mu-
sic of the market, too often whisper-
ing promises without fulfillment, siz-
zle without steak. Yet, in spite of their
mutual dependency, they seldom talk
of their mutual expectations.

On the surface, those expectations are
quite simple. The tool user expects the
tool manufacturer to provide more
powerful tools to aid in the develop-
ment of more complex products. And,

he expects the tools to work. Similarly,
the developer’s customers expect
powerful applications and they expect
the embedded systems they buy to
work. The developer and the tool
manufacturer both expect the user to
buy the tool or the product at a price
fair enough to get an acceptable re-
turn on investment.

But there are problems in this rela-
tionship. A lot of tools just don’t work;
their performance doesn’t match their
hype or their support is inadequate.
These tools endanger the user’s prod-
uct development, making them un-
derstandably reluctant to pay much.
By receiving a low price, the tool man-
ufacturer lacks the means to improve
the product. Tool manufacturers can’t
afford to build fancier and more pow-
erful tools when costs continue 1o in-
crease and users want to pay less and
less. Such is the essence of a standoff.
They have unwittingly become each
other’s devil, and somehow, the dance
must end.

For the dance to end, there must

The tool user
expects the tool
manufactuer to
provide more powerful
tools to aid in the
development of more
complex products.

be a change in this admittedly gloomy
scenario. One possible change would
be of a fundamental nature, for it
would end the tool-manufacturers’
role as the tool-users’ devil. If tool
manufacturers adopt a user-oriented
position focusing on better, more re-
liable tools, the dance will end.
Through that action, the tool users will
become partners in the efforts.
However, one should not expect a ma-
jor change in the relationship as long
as the basic nature and expectations
of the tool manufacturer and the tool
user remain unchanged.

Software manufacturers at all levels
can meet the challenge by making sig-
nificant improvements in their prod-
ucts. The vehicle for those improve-
ments is the product-testing process.
By thoroughly testing their products to
ensure they work correctly and reli-
ably, both developers and tool manu-
facturers can provide the needed as-
surances. Simply stated, better testing
can make better tools, and better tools
along with testing make better prod-
ucts. Unfortunately, performing better
testing is more easily said than done.
It can be a tedious and expensive pro-
cess, but everyone will have to do it
if the dance is to ever end.

USING THE PRODUCT LIFE
CYCLE

Testing can follow many paths.
Consequently, there probably is no
single “right” way to do it. One thing,
however, is certain: Testing has to be
done somewhere during the product’s
life cycle. Understanding what hap-
pens during a particular phase of life
provides insight into how to test the
product at that stage, as well as the
cost of finding and correcting prob-
lems. The typical life-cycle model (and
there are many variations) usually in-
cludes four main phases: Specification,
Development, Testing, and Operation
(Fig. 1.

These four phases and their con-
stituent activities form the V cycle
model of product life. On the left side
of the V, activities are shown as top-
down processes moving from the ab-
stract at the top to specific at the bot-
tom. Time is the horizontal axis and
represents the phases of the life cycle.
Product requirements and specifica-
tions are produced during the specifi-
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PROBLEM SEVERITY LEVELS |
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Severity index Meaning
1 1 Suggestion/enhancement request
@) Reasonable alternatives exist. Fix if possible
3 __ l Workaround is cumbersome !
4 | No workaround possible. Fix before release
5

[ Must fix NOW

cation phase. The development phase
includes both design and coding ac-
tivities.

On the right side of the V, the activ-
ities are shown as bottom-up processes
whose vertical scale goes from imple-
mentation at the bottom to validation at
the top. The testing phase includes unit
and integration tests, as well as perfor-
mance and operational system tests. At
the top of the V on the right side is the
operation phase of the product. In the
operation phase, it is often customary
to submit the product to one or two
forms of user-related testing, usually
called “alpha” and “beta” testing, before
declaring it a released product.

This model implies two important
cost benefits to the manufacturer. First,
tests needed by each level allow the
tester to constrain the test code to the
type needed, thereby reducing the
costs associated with overlapping tests
or test duplication. Secondly, the
sooner testing starts, the sooner it pro-
duces benefits. The cost of testing de-
pends on where the product is in the
life cycle. By beginning test-
ing at the unit test level and
moving upward, problems
get isolated and corrected at
the level where their cost is
minimized and they do not
affect the next higher level's
testing. While it is under-
standable that the same type
of testing doesn't necessarily
apply in all cases, the inten-
tion is to show how a con-
trolled testing process makes
it possible to deliver a thor-
oughly tested and verified
software product that can
work out-of-the-box.

Testability determines how
efficiently a product can be
tested. If there is an oppor-
tunity for a “clean sheet” de-
sign, it is important to induce

testability into the design and the code.
There is no single right way to do it.
However, there are some important
factors that influence it.

CREATING A TESTABILITY
PROCESS

First of all, design and implemen-
tation should be performed in such a
way that any testing is controllable. If
tests can’t be controlled, it is difficult
to conduct testing as a coherent pro-
cess. Second, the implementation of
the code must be done in such a way
that tests can make meaningful mea-
surements in order to verify correct op-
eration. Third, the design and code
must be understandable to the testers.
Atsome point during the testing phase,
testers will need to have access to the
code in order to develop test cases. If
they can't understand what they are to
test, the test process is going to be in
trouble.

While testability is built in primar-
ily during the development phase, the

cost benefits don't appear until the

3. AT SOME POINT, a decision must be made that testing is
sufficient to release the product. This is usually a function of
the number of new problems and their severity discovered
after a given amount of testing. This number will seldom be
zero, but a given length of time with no new problems,
weighed against cost considerations, will usually indicate a
testing cutoff point.
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testing phase. Testers frequently exe-
cute test cases as they attempt to ver-
ify and validate the design and related
code. Changes to code are common-
place, and it is smart testing to test only
those code modules that are affected
by the changed module. Running only
applicable tests can help minimize
costs.

After recognizing the necessity to
improve testing, the first job is 1o al-
locate experienced engineering re-
sources to the test team. Without
specifically getting into the manage-
ment structure of such a team, there
needs to be a team manager and one
or more test design and development
engineers. Besides designing and cre-
ating the test procedures, testers run
the tests, identify problems, prepare
problem reports, and submit them to
the developer. The developer makes
the modifications and resubmits the
code to the testers. The process re-
peats until the tests do not detect any
problems or until they meet some test
termination criteria.

To achieve the best results from a
product test effort, the engineers de-
veloping and running tests should not
be the same people as those who are
doing the design and development.
This is needed to eliminate bias in the
testing. These engineers are expensive
assets, so it is just as vital that they be
deployed productively. That comes
from knowing what to do.

An important part of improving test-
ing is to do some homework
about what is possible. There
are many good software en-
gineering books and articles
dealing with the subject of
testing. A review of some of
them will show that there are
different methods of testing
designed to meet different
ends. By reviewing the meth-
ods, the team can select the
type of testing that will do the
best job for the product be-
ing tested in accordance with
its cost/benefit constraints.
There are many types of tests
and thorough testing is ex-
pensive and time-consuming,.
It is best to do only what is
necessary in order to avoid
reaching a point of diminish-
ing returns.
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It also is important not to confuse
debugging with testing. A developer
uses debugging to get code working
so that it can operate at a primitive
level. At that point it is not necessarily
operating correctly. Testing identifies
the problems and ultimately proves the
code is correct.

ally running the code. It is an easy and
inexpensive way of finding errors of
omission and syntactical problems.
Reading code and comparing it to de-
sign documents is an example of this
type of testing. Code reviews and
walkthroughs are another.

Dynamic methods are much more
important once a code module has
been implemented and debugged.
Testers use dynamic methods to test
the response of a product to a set of
known conditions. Most testing done
during the testing phase of a product
life cycle is of this type. The most com-
mon approaches consist of a series of
test cases—called claims—in which
each test case employs the seven steps
as follows:

CATEGORIES OF TESTS
There are essentially two categories
of tests in common use: Static and dy-
namic. A third, based on formal math-
ematical approaches, is not widely
used and will be excluded from this
discussion.
Testers use static methods, some-
times called static analysis, to examine
a product for problems without actu-

CHECKLIST FOR PROSPECTIVE USER

Reason for asking
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How long nas the \e company been in busnness'7 Time in buslness can indicate company stability

Is the company the product developer? Better technical support comes from the

product s developer

How long has the product been on the market? It takes time to develop a thoroughly tested,
reliable product

What is an estimate of the product's installed
base?

How many people are in the company?

When coupled with its age, it gives an indication
of a product's market acceptance

r This gwes a clue about a company’s overhead

| The ratio of engineers to total employees

indicates if the company has a technical or
marketing orientation

How many engineers are in the company?

| How many products does the company support? | The ratio of products to engineers gives an
indication about product knowledge and the

depth oi support

With which tool chains is the product
mteroperable"

It gives an indication of the company’s
willingness to meet the customer’s needs

~ = T

Does the company have an internal independent | An independent test team gives more credibility
test team? to the testing process

How many engineers are involved in testing?

The ratio of testing engineers to the total number
of engineers gives an indication of testing
commrtment and capablllty

What kind of test processes do you employ?

|
This shows what kind of reliability to expect from
the product

Do you emoloy automated procedures for
perlormlng and marntamlng tesl code”

| This indicates how well the company uses its test
engineering resources |

This indicates the availability of product
performance data

Do you perform characterization tests?

Can your lestmg process stand up to the scrutiny
of government entities such as the FDA, FAA, or
CSA?

Do engineers who developed the product handle This shows that first-hand knowledge is best
technical support?

e et e

This is a good indication of a company'’s testing
standards and thoroughness

‘ This indicates overall qualrty robustness, and
| relrablmy of the product

How much time do you spend on customer
support?

This indicates the company’s perception of its
product

What klnd o' warranty do you provide?

1. Statement of initial or given condi-
tions.

2. Selection and design of method for
the test case.

3. Selection of inputs.

4. Specification of expected results.
5. Execution of the test case.

6. Comparison of actual results to ex-
pected results.

7. Logging of test result.

Dynamic methods can result in a
large number of test cases, which
means that a lot of test code has to be
developed and maintained. While it is
possible to accomplish this through
manual methods, the volume and
structure of the test code cries out for
some type of automated process.
Automation returns cost benefits quite
rapidly as it radically lowers the
amount of engineering hours spent de-
veloping and maintaining test code.
Maintenance of test code should not
be overlooked as a cost area because
it must change as the product changes.
In addition, test designs may be flawed
and have to be reworked. Integrating
maintenance with an automated pro-
cess to keep test code up to date saves
time and money.

Referring to the V cycle product life
model, cansider the types of dynamic
tests employed during the testing
phase (Fig. 1, again). Unit tests are in-
tended to exercise code modules as
they are debugged. Test designers use
the detailed design specifications and
other documentation about inputs and
outputs to establish the test cases
needed to prove the module’s funda-
mental correctness. The testers design
and develop these tests using a “black
box™ approach. To them, the product
code is opaque—a “black box.”

Unit tests don't need to be run all
that often. They are useful when test-
ing a new code module or when there
are modifications to the product. The
latter use is the one that is most preva-
lent because any new version or re-
lease of a compiler can have bugs.
(Yes, bad tools can even cause prob-
lems in testing.) These tests help to re-
move that unknown from the equa-
tion. Unfortunately, with this
methodology, there are many oppor-
tunities to miss conditions that need
testing. However, there are other tests
that can further validate the product.
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When proven code mod-
ules have passed unit testing,
they can be integrated into
larger elements and tested for
conformance with the pre-
liminary product specifica-
tion. Integration tests can in-
clude some or all of the
product’s code modules. The
test team develops these tests
using a “white box” method-
ology, which opens the code
for the development of test
cases. Due to such openness,
the “white box” method is the
opposite of the “black box”
approach. The purpose of
“white box” tests is to test all

SOFTWARE QUALITY

vides the essence of the test
suite.

The testing process de-
scribed is tedious but fairly
straightforward. Be aware,
however, that it has a hidden
requirement. When deter-
mining the test conditions
necessary to set up a partic-
ular claim, it is illegal to use
a capability of the product
that has not been previously
tested and found to be cor-
rect. To do otherwise essen-
tially invalidates the imple-
mentation of the claim. As in
algebra, it is impossible to
provide a singular solution to

of the minor variations that 4. FINDING AND FIXING problems early in the development an equation involving more

are missed during “black cycle is the best way to keep down the cost of development
box” tests and ensure proper and meet time-to-market demands. The cost in time and
money increases exponentially as problems turn up later in
System testing involves the cycle.

code coverage.

making a series of product-

level tests to prove that it meets the
documented requirements. The goal of
this testing is to ensure functionality,
as well as identify and correct remain-
ing problems. Test code can be quite
large, easily consisting of hundreds or
thousands of test claims.

Depending on the nature of the
product, several types of test ap-
proaches are commonly used for sys-
tem testing because different types of
tests are needed to fully test the prod-
uct. For example, it is common to run
test suites that only test failure scenar-
ios in order to test the ability of the
product to recover.

Another approach, stress testing,
probes the limits of the product by
putting it under heavy input loading.
High-frequency inputs are where a lot
of product designs fall apart. Stress
tests are intended to find out where
the product breaks down and the de-
gree to which it can recover. The the-
ory is that if it can hold together un-
der such stress, it will probably do so
for a user.

Stress tests are much different from
the other tests. For one thing, they can
be very processor-specific. Second,
their design and what can be done with
them depends largely on the capabil-
ities of the processor board used for
the test. It's pretty free-form and does-
n't lend itself easily to an automated
process, but the tests give a great deal

of confidence.

Yet another important test approach
is that of configuration, or scalability
testing, which exercises the product in
different configurations to prove that
it can work. For a single product con-
figuration, the preceding system test
procedures can be fairly arduous and
time consuming. However, if the prod-
uct is configurable, the magnitude of
the testing can quickly increase to an
unmanageable size.

Ideally, such testing must include
all possible configurations. However,
in a highly configurable product, it is
quite possible to have millions of pos-
sible configurations. Such a large num-
ber makes it impossible to test them
all. A viable solution is to generate a
set of product configurations that rep-
resent likely models customers would
use. Assuming their representative na-
ture, it is not unreasonable to take a
position that if the set of configura-
tions pass all claims in all test ap-
proaches, the tests are sufficient to
prove cofrectness.

The trick to configuration testing is
making the test procedure smart
enough to recognize the configuration
under test. Tests must be organized
into modules that reflect the configu-
ration’s capabilities. If a capability ex-
ists in the configuration, there should
be a module that can test it. This is a
very tedious development, but it pro-
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that one unknown. This is
one of the realities of testing
that causes the gnashing of
teeth.

Whenever a test detects a
problem, the tester should, as part of
the problem report, assign it a num-
ber indicating its severity. The assign-
ment of the severity levels is some-
what arbitrary, and there can be as
many or as few of them as the test team
decides (Table 1).

To keep track of testing progress,
it is advisable to maintain some data
about it. The amount and type of data
depends on the product being tested,
but for each type of test in the proce-
dure, a minimal set should consist of
the following:

¢ Date of the test.

* The number of test cases (claims) in
the test suite.

e The number of problems detected
by severity level.

This data should be collected each
time there is a test run. When pre-
sented in graphical form, it can show
a great deal about the testing process
(Fig. 2). For example, the tests run on
March 7 show a significant increase.
Because the number of problems pre-
viously had been low, it would be rea-
sonable to assume ane of two possi-
ble causes. First, because the increase
in the number of tests indicates a re-
vision of the test suite, it is possible
the 10 additional tests found more
problems. Alternatively, there could
have been a new version of the prod-



uct introduced that day and it induced
additional problems in previously
tested modules of the product.

At some point, testing must cease
because it will eventually reach the
point of diminishing return. Is it pos-
sible to finish the testing process be-
fore reaching that point? There are sta-
tistical and mathematical methods
detailed in the software engineering lit-
erature on how to determine when it
is time to quit. Both types essentially
rely on the amount of problems found
as a function of test time (Fig. 3).
Mathematical formulas exist to calcu-
late projections about product quality
deliverable to the user. The concept is
based on the probability of additional
problems existing as test time increases
without finding a problem. If the re-
sults indicate zero errors, it's time to
stop testing and release the product.

OPERATIONAL PHASE TESTS

Having passed all of the rigors of
unit, integration, and system testing, a
product is often submitted to some
form of customer-related testing.
These are usually referred to as “alpha”
and “beta” tests.

Alpha tests are ordinarily not per-
formed by an actual customer but by
the product’s manufacturer using some
form of simulation of the expected cus-
tomer usage. Alpha tests are optional
and are oftentimes not used at all. In
fact, in a controlled product life cycle
in which the product’s requirements
accurately reflect customer needs, al-
pha tests become unnecessary be-
cause their functions are integrated
into system testing.

Many times, a product is often sub-
mitted to a set of customers or poten-
tial customers for the purpose of hav-
ing them use the product under actual
working conditions. The idea is that
such “beta users” will use the software
over some period of time and report
back to the factory any occurrences of
operational anomalies as well as sug-
gestions for improvements. That may
have once been possible when the
economics of development were less
brutal than today.

It is rare to find a user with resources
to spare for beta testing, especially
when such testing has a high proba-
bility of requiring the use of expensive
engineering time. Applying engineer-
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ing resources on beta-test projects
rarely benefits meeting a user’s devel-
opment schedule. Consequently,
good intentions about testing a “beta
release” often give way to the realities
of operating a business, and the in-
tended testing either doesn’t happen
or is done superficially.
Simply stated, the beta user is not
a controllable asset when it comes to
testing. Moreover, in the case of de-
velopment tools for embedded sys-
tems, the market is too small to justify
extensive beta testing. An embedded-
systems tool manufacturer cannot ship
out a new tool to 10,000 or even 20,000
“beta sites” to prove the product
works. Unlike the personal computer
market, the sites just don’t exist.
Conversely, the developer of an em-

It is rare to find a user
with resources to spare
for beta testing, espe-
cially when such beta
testing has a high
probability of requiring
the use of expensive
engineering time.

bedded product can't ship thousands
of units that may or may not work
properly. The hardware costs alone
would be prohibitive and the possible
scenarios would be ludicrous. Imagine
a manufacturer shipping 2000 pace-
makers to beta sites and then won-
dering why he hasn't heard back from
the users! The solution is to control the
test process completely using test
methodologies that thoroughly verify
correct operation.

CHARACTERIZATION TESTS

Characterization of a product is sim-
ply a term for measuring its perfor-
mance. This is especially true with a
product that is highly configurable and
where different configurations can
yield different performances. The per-
formance figures produced by a char-
acterization suite tell the user if the
software can handle the job required
by the application.

When dealing with a configurable
product, the characterization suite
must be automated to about the same
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extent as the configuration test suite.
It must be able to characterize any con-
figuration of the product and provide
performance results to the user or de-
veloper. The report of results is es-
sential in that it assures the user not
only that the configuration works, but
also how well it performs.

In the case of selecting develop-
ment tools, interoperability is an im-
portant aspect of software develop-
ment today. It means that the elements
of the tool chain work together. A tool
chain encompasses all types of tools
used to develop products for the em-
bedded-systems market, including the
obvious ones such as a real-time op-
erating system (RTOS), compilers,
linkers, simulators, and debuggers and
emulators. For the developer, tool in-
teroperability is a money issue be-
cause it bears directly on the cost of
using the tools. Most developers today
do not have uncommitted time in their
work schedules that permit hacking
with tools that don’t work properly. If
the tools don't work together, there
are two choices: Spend many extra,
unnecessary, hours of engineering
time trying to complete a new prod-
uct, or, buy another tool that does have
interoperability with other tools. With
the latter choice, the user has a better
chance of making the market window.

MARKET REALITIES

To help bring about the end of the
dance, we all must understand that the
embedded-systems market is not the
personal computer market. Although
some developers of end-user embed-
ded systems have large markets, their
situation is still not similar to the PC
software market. Embedded-systems
tool manufacturers certainly do not
have a large market. There aren’t mil-
lions or tens of millions of users over
which to amortize the cost of tool de-
velopment and promotion. A success-
ful tool has its volume measured in
hundreds or thousands of units. And,
unlike the PC software market, where
the bar for “good enough” can be quite
low, tools for the embedded-systems
developer require a higher standard.
End-user products built using such
tools often have mission or life-critical
requirements to them, and the tools
used to build those products need to
be better than PC quality.
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It is no longer just a technical ques-
tion of what a tool does but equally a
question of the economic impact of its
use. Tool quality influences the suc-
cess or failure of the developer who
uses it. Absent reliable tools, even a
well-managed development and test-
ing process can founder. When a tool
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fails to deliver the expected perfor-
mance, the cost of the failure can
quickly exceed the cost of the tool. It
is the wise user who looks at more
than just the selling price of the tool.
What he doesn’t see can cost him
dearly.

Even if we disregard the costs of

www.amc.com/super

we tl'lillk an embedded software debug system

should consume no target resources, provide high-speed code download,
be easy to use, performs non-stop, offer full-speed target control, have
up to 256k trace and 8MB overlay memory, win innovation awards,
integrate with popular tool chains, pay for itself in a matter of weeks,

and fit in the palm of your hand.

Introducing...

Applied Microsystems
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schedule slippage and lost opportunity
and just consider the direct cost of en-
gineering time alone, bad tools are ex-
pensive. For any tool failure, it is al-
most certain that the developer is going
to spend engineering resources trying
to figure out the problem. There is, af-
ter all, the possibility that the failure
can be one of improper use of the tool.
But it can take hours, days, or even
weeks for engineers to diagnose the
problem. And during that time, the tool
user has had a lot of conversation with
the tool-manufacturer’s support staff
trying to diagnose the problem. The
failure is expensive for all concerned.
Tool providers have a perspective
that permits a view from both sides of
the street: As a tool manufacturer and
as a tool user. As the former, it is of-
ten necessary to work with the same
tools the customers use—the same
compilers, emulators, and debuggers.
As a tool user, the position of the tool
manufacturer is a little further up-
stream than his customers. The tool
manufacturer often feels the pinch
sooner than his customers do when a
tool he is using fails. Just like their cus-
tomers, the tool manufacturers pay for
the tool failure because he will in-
evitably spend valuable engineering
resources trying to find out what the
problem is. Schedules slip, costs go
up, and market opportunities suffer.

ECONOMIC CONSIDERATIONS

Make no mistake about it, thorough
testing of a software product is an in-
volved process. It takes lots of time
and people to do it. Does it make sense
for application developers and tool
manufacturers to get on that band-
wagon? There are benefits to those
who do. Forgetting for the moment a
higher sales price, the relative cost to
fix problems as a function of the phase
of the product life cycle increases log-
arithmically (Fig. 4). Note that the
scale is logarithmic. Costs are lower
the earlier problems are found. That is
one of the main purposes of a con-
trolled approach to testing.

There are other benefits as well. A
thoroughly tested software product re-
quires less routine maintenance and
less customer support. That represents
lower engineering costs and those sav-
ings go straight to the bottom line.
Moreover, at least one study has
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shown that companies perceived as
having high-quality products have re-

turns on investment as much as dou- |

ble those lacking that perception. That
suggests an improved competitive po-
sition, increased market share, and
higher sales.

The question for which tool manu-
facturers have to get an answer is this:
Will tool users pay more for the better
tool, one that works and is well tested
with verified conformance to require-
ments? Some of them certainly won't,
but others will demand it. There are al-
ways those whose budgets are tight or
who are inveterate gamblers. To them,
low prices are important because they
are willing to accept the risk of the
untested tool. Some will accept the
change rapidly while others will do it
only reluctantly as they come to real-
ize it will save them money at the same
time it is reducing their risk.

Even today, when it is common to
see engineering costs of $1000 per day,
itis not uncommon to see a user squan-
der valuable engineering time in re-
peated attempts to make a cheap,
poorly tested tool meet his require-
ments. Where is the economic sound-

ness in risking such an open-ended ex- |

pense in order to keep from paying an
additional amount for a better tool that
can minimize the risk?

If a user has a tight schedule or must
maximize productivity of development
personnel, a well-tested tool, even
though it has a higher price, will be a
cost-effective choice. It also will re-
duce his own time and expense test-
ing and fixing problems. The devel-
oper who can focus on implementing
his application has a better return on
investment than one who spends valu-
able time hacking on an untested tool
trying to make it work properly.

Assuming there is a change to a
more customer-oriented position
among some but not all tool manu-
facturers, how does the potential user
know what he is bargaining for? He
certainly wants more than just sizzle;
he wants the steak, too. What are the
questions to ask the tool vendors? That

is admittedly a very broad question, |

but a checklist integrating user-specific
issues with some specific questions in
can be a starting place (Table 2).
Asking these questions should get a
prospective user a reasonably good

SOFTWARE QUALITY

picture of the tool manufacturer and
his commitment to and capability of
delivering a high-quality, reliable

product. Don't settle for less, or the |

dance will continue.

Originally published in Electronic
Design June 23, 1997.

* $399/qty. 1 (with 2MB)

* 40 MHz 3865X

* AT compatible

* Up to 8 MB DRAM

* Up to 12 MB Flash disk

* LPT, 2 Serial, IDE,
Floppy and Keyboard
controllers

» Watchdog timer and
powerfail reset

* 16-bit PC/104 expansion

¢ -40°C to +85°C operation

* Small size: 3.6” x 3.8”

* Low power

* Requires only +5V

e 2 year warranty

¢ Technical support

@

WinSystems’ PCM-SX is the SBC of choice for space-,
power- and cost-sensitive applications. Rugged, reliable
and built for -40°C to +85°C environments, it will go
where other PC-AT compatibles cannot.

Call or FAX today for details!

715 Stadium Drive ¢ Arlington, Texas 76011
Phone 817-274-7553 ¢ FAX 817-548-1358
http:/ /www.winsystems.com

EMBEDDED SYSTEMS proyereermr ooy

Tom Barrett is president of
Embedded System Products Inc. He
has been a. consultant and contrac-
tor in embedded systems, on-line
systems and real-time systems
since 1968. He holds a BS in mathe-
matics from the University of
Texas.

“““““
vy
.....

WinSystems®

THE EMBEDDED SYSTEMS AUTHORITY
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Here's What’s Coming In
The Next Two Months

Be sure to check out the best cutting-edge information
for engineers and engineering managers, every two weeks.
Here'’s the line-up of some of the important
topics featured in our April and May issues.

- R - A
APRIL 6, 1998 ISSUE
* Analog Design: Power Control & Commaodity DACs
* Electronic Design Automation: PC-Board Design Tools
* PIPS: Optoelectronics
* Computer Boards & Buses: Microcontroller Boards, Graphics,
PCMCIA, Peripherals

APRIL 20, 1998 ISSUE
* Communications/Networking Technology: Cellular/PCS
. * Digital Design: Programmable Logic
* Multimedia
* Embedded Systems: Embedded Development Tools, RTOSs,
Software/Hardware Intergration

MAY 1, 1998 ISSUE
* DSP System Design
* Software Technology: Object-Oriented CASE tools
* EDA & ASICs: CICC Preview
* PIPS: Motor Controllers
* Sensor Technology: Sensors Expo Preview

MAY 13, 1998 ISSUE
* Analog Design: High-Performance ADCs, Cebit Preview
* Test & Measurements: Update: EMC Testing
* Computers Boards & Buses: Micricontroller Boards, Graphics,
PCMCIA Peripherals
* Electronic Design Automation

MAY 25, 1998 ISSUE
! « Digital Design: High-End DSPs
* Embedded Systems: Software Development Tool Intergration
* Analog Design: Power Control
* Consumer Electronics: SID Conference Preview
& ICCE Conference Preview issues.

ELEGTRONIG DESIGN
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Pentium, INtelIB6 ond Ntel38G are reysslered Lrademarks of ntel Corp. NSI86 15 a reyistered trademank of National Semwonducton PowerPack 15 a tegrstered trademarks of Miaotek International & 1997 Mictolek lnternational

“If I could find it,I could fix it)’

SEE your code at work. Find timing the traditional “chassis™ of just two
years ago. The difference is remarkable!
The PowerPack®EA for the Pentium®
processor is only 7.2”x 4.6”. And the
probe tip 1s smaller than your business

card, so it fits into the tightest targets.

conflicts fast that are invisible with Jogic
analyzers and software debuggers.

Microtek In-Circuit Emulators combine
a state-of-the-art source level debugger
with the most advanced event trigger
and trace system avaslable.

160-bits Wide by 256k Trace

Call for FREE ICE Tips AppNotes:

1 (800) 886-7333

with Clock-edge Resolution. Smaller is Better.

With this much trace and smart Compare today’s Microtek In-Circuit www.microtekintl.com
L . . . . Phone: (503) 645-7333

triggering, you can record virtually Emulators that fit in your briefcase, with F:’:c( ;{, 3 )“9_ 8460

every event. And events can be
followed right back to their source
code without stopping the target.

SUAT Sl ki MICROTEK

* Fast, easy code validation for IN-CIRCUIT EMULATORS
design engineers.

* Built into Microtek

In-Circuit Emulators. H A

* Code Coverage and Three Emulators for Pentium® Processors
Performance Analysis SWAT"Software Analysis Tool

offer you design spontaneity Two National NS486~"Emulators
without instrumenting your code! High-Performance 80C186 Emulator

Microtek In-Circuit Emulators for the followlng processors:
Pentiumees Inteld86™ National NS486" Intel336 EX o 386DX o 386CX/5SX  80C186  8GS51
68360 » 68340 « 68F333 e 68332 o 68331 » 68330 o E8HC16 o 68328 o ColdFire
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We hear what
you’re saying...

VMIC has always provided users the latest processor technology on
VME with performance leaders such as Pentium® and Pentium
Pro processor-based CPUs with clock speeds up to 200 MHz.

A variety of CPU offerings in the 486, 586, Pentium with
MMX™ and Pentium Pro categories with features ranging from on-
board Ethernet, IDE and SCSI controllers, parallel and serial ports,
mezzanine expansion, flash memory, and up to 128 Mbyte of
RAM allow custom board configurations for system requirements.

Compatibility with DOS, Windows NT™ OS, VxWorks,
LynxOS, and QNX provides the flexibility for any program
requirements. Each VMIC CPU carries a three-year product
warranty and our world-class technical support team can help
you through demanding situations.

VMIC prides itself on providing the best value with feature rich
products at economical prices. Give us a call and check out the

wide variety of VMEbus products we have to offer. You will find the
right PC on VME at the right price!

and have what
you need.

’-Zagt’

486 - 586 - Pentium - Pentium Pro Processor - Single - Dual-Slot CPUs
Now

WIC .

12090 S. Memorial Parkway
Huntsville, AL 35803-3308
205 880-0444 « FAX 205 882-0859 ("'\
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The EDA world is turning to Windows NT. And engineers
and clectronies companies are turmng to the new OrCAD.
The merger of OrCAD and MicroSim ereates the world's
leading provider ol EDA software and services for the
Windows design enviromment. Today, more than 130,000
designers at nearly 30,000 companies worldwide use
OrCAD software for system-level and programmable
logic design. For analog and digital simulation. And for

PCB layout. What's more, OrCAD's Enterprise CIS™
solutions Tor component information management are
making entire engineering organizations more productive.
And companies more competitive,

Visit www.orcad.com or call 1-800-671-9503 and
ask for a free copy of “Enterprise EDA: A Guide To
Evaluating Your Design Process.™ And see the new
world of N'T design productivity we can offer you.

Now That OrCAD And MicroSim Have Merged,
[t's A Whole New World Out There.
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PUM Amplifier

Looking For More Power, Lower Costs?

Solutions

Efficient Hybrid Design.
Also known as switching or
Class D amplifiers, PWMs can
meet higher output demands
than is possible with linear so-
lutions. Apex has put the ben-
efits of PWM technology into
highly reliable hybnd designs
rated up to 97% efficient.

Cut Operating Costs,

Increase Reliability.
By reducing board space re-
quirements, external compon-

Switch over to greater efficiency.

e 9 ? % ent counts and the need for
S H U 3 5 H uq Sf an ‘/ o rJ J :J/ rd rJ J 1]/:‘ rJ J af bulky heatsinks, these hybrid
[ SNUOJ S Jr Jrily | EFFICIENT | PWMs substantially reduce op-
« SA03/SA04/SA06 = Full H-Bridge * 97% efficient erating costs. Smaller, lighter,
* SA13/SA14/SA16 = Half Bridge « 16V to 100V bridge supply (SA03, SA13) hermetic p'ackages.also mean
« Up to 5000W continuous 16V to 200V bridge supply (SA04, SA14) these hybrids provide higher
« 30A output continuous (SA03, SA13) 16V to 500V bridge supply (SAD6, SA16) reliability.
20A output continuous (SA04, SA14) < Analog or digital input e
10A output continuous (SA06, SA161 ______________________
e
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B i
O 1— :D‘ R |
wanmpl %& 0oF Veour
l 1 = 1 BANERS 2 MOTOR
cu(wf' [ 1 |
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« 250kHz switching frequency
« Up to 800W continuous

v
Rsewsei !

%-%’_J

94%
| EFFICIENT

Free Product Data.
Toll-Free Technical
Assistance. Single Units
and Eval Kits Available.
All of Apex's PWM amplifiers
are sold in single unit quanti-
ties for prototype design, and
evaluation kits are available to
get our amplifiers wired into

«94% efficient = oo I % your circuit fast! To request
« 16V to 80V H-bridge == S product data or technical assis-
supply -~ 8 = e tance call 1-800-862-1021,
* 10A output i fax 520-888-3329, email
continuous l o g % prodlit@apexmicrotech.com,
e} 2 or visit our web site at
| | http://www.apexmicrotech.com.
CU(OU/[ %
1 l,LKlNJI — .1 l
! = SA02 —_— 1) SENSEB ‘ www.apexmicrotech.com
‘ ano b ) ne } - ‘ To Request Free
[ '(\‘ ) | Product Data Online
ot ) i I e~ e 1 _\‘/\ | E-Mail: ProdLit@apexmicrotech.com
L (0 ) I | | 2 . —_ or http://www.apexmicrotech.com
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Australia, New Zeoland (08) 8277 3°88
Belgium/Luxembourg (323) 458 5033
Canada (613) 592 540

Daehan Minkuk (02) 745 2761
Danmark 70 10 48 88

Deutschtand 89 61~ 50310

Espana (1) 530 4121
France (01) 69071211
Hong Kong (852) 23348188
India 22 413 7096

Israel 972 3 9274747
Italia (02) 6640-0153

Nedertond (10) 451 9533

Nippon (3) 3244-3787

Norge 63-89 8969

Osterreich (1) 203-79010

Peoples Rep. of China (852) 23348188
Rep. of South Africa (021) 23 4943

Singapore 65-742-8927

Sverige (8) 795 9650

Taiwan-Rep. of China (02) 722 3570
United Kingdom (1+38) 368466

5980 N. Shannon Road
Tucson, Arizona 85741-5230
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Taking the lead in
volume produgtif




FLEX rocks in high volume.

FLEX® programmable logic takes the lead in offering low-cost,
high-performance solutions for all your volume production
requirements. With the FLEX 6000 and FLEX 10K families,
Altera provides the ideal solution for your next gate array design.

Low-cost ticket to high performance.

The FLEX 6000 family offers the industry’s lowest cost per gate.
With the OptiFLEX™ architecture, FLEX 6000 minimizes die size
while maximizing system performance and design efficiency.

If your cost-sensitive design needs on-chip memory or higher density,
FLEX 10K takes center stage. The unique embedded architecture
combines with FastTrack Interconnect™ to give you the best mix of

density and performance at a price that's a hit for volume production.

Both families offer 3.3 V and 5.0 V supply voltage options and
advanced packaging, including ball-grid array (BGA).

Rock and roll with MAX+PLUS II.

Our easy-to-use MAX+PLUS® Il development system is optimized
for greater design flexibility, and fully interfaces with all major
EDA design tools. Regardless of your design flow, synthesis has been
tuned to give you the best quality of results.

Family Supply Voltage | Density Range | Logic Elements | On-Chip Memoryl Price

FLEX 10K 33VandS0V 10,000 to 576t0 12,160 |6 Kbits to 40 Kbits | $7.50°
versions available | 250,000 gates embedded RAM |

FLEX 6000 | 3.3V and 5.0V 16,000 to 1,320t0 1,960 | Logic only $6.50*"
versions available | 24,000 gates |

*EPF10K10A volums price projection, end 1998. Contact Altera for pricing on other FLEX 10K devices.
**EPFG016A volume price projection, end 1998. Contact Aitera for pricing on other FLEX 6000 Devices.

Get plugged in.

Visit our web site to download the latest Device Model Files or to
order a 1998 Data Book with complete information on the FLEX 10K
and FLEX 6000 device families — and get ready to rock.

altera i N

* = ¥ com/guitar
1-800-9-ALTERA &!l\’/%@

© Copyright 1998 Altera Corporation. Altera, FastTrack Interconnect, FLEX. FLEX 10K, FLEX 6000, MAX+PLUS I, OptiFLEX,
and specific device designations are trademarks and/or service marks of Altera in the United States and other countries.
All other trademarks and service marks are the property of their respective holders. All rights reserved.

WWW,

For specific pricing, contact Altera or your local distributor.
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| RMX-350
Hot swap,
350 watts,
multiple output, power factor

corrected. AC equivalent of TMX-350
in form and fit.

Solutions for
Critical
Applications

Todd offers a wide range

of hot swap products from
350 W — 6 KW. Todd’s
engineering team provides
standard, modified standard,
custom and value added
solutions based on your form
fit and function requirements.

TMX-350
Hot swap, 350 '

watts, multiple output, 48 VDC input.
Equivalent of RMX-350 in form and fit. |

TRS (Todd Rack System)
N+1 redundant power racking

system, front panel hot pluggability.
up to 6 KW in a 3U (5 1/4") rack.

TCM-1000

Hot swap, 1000 watts, power ‘,————
factor corrected, single output, D
current sharing.

POWER SUPPLIES

i TODD PRODUCTS CORP.
50 Emj

ot S, ol (RO

1200 watfs.

power factor corrected, single ;

output, current sharing.

800 223-TODD

TEL: 516 231-3366
- $ FAX: 516 231-3473
é ;\v@‘ EMAIL: info @toddpower.com

TUV Rhenland WEB: http://www.toddpower.com

Giving you the power to
build better products.
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EDITORIAL OVERVIEW

M Commodity ADCs Pile More Functions On-Chip For Less 48

B Next-Generation System Power Management 57

W Design Services Provide More Bang For The Buck 67

B The Roles Of CSM, PDM, And ERP In Product Development 82

B Planar Transformers Make Maximum Use Of Precious Board Space 97

B Arbitrary Waveform Generators Shuffle The Cards On Telecom Testing | 16

67 Design Services Provide More Bang For The Buck
o In a world where engineers are at a pre-
miwm, these services offer a more practical
way of supplementing traditional design
methodologies.

AQ Tiny Op Amp Targets Miniature Portable Electronics
o An advanced submicron silicon-

gate biCMOS process houses this  ECI'[1}]
general-purpose op amp in a flea-  E[1]:4}
size SC70 package.

]
[§
r
.
t
i
!
48 Commodlity ADCs pile more functions on-chip for less : 82 EDA Watch
o Combining innovative circuits with submi- 1 ® U nderstanding the roles of CSM, PDM, and
crom processes, analog IC suppliers are dri- i ERP in product development
ving 16-bit converters down to $5. '

1 89 Product Features
]
i
]
)
1
L)
]
i
:

97 Planar Transformers Make Maximum Use Of
Precious Board Space

o With their low profile and high density, pla-
nar devices help designers meet demands for
ever-smaller power supplies.

57 The Next-Generation System Power Monagement
o Part I1 of a three-part series on the Mobile
Power Initiative focuses on the advanced con-
figuration and power interface.

61 Product Features

DEPARTMENTS
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Editorial ......... ...18
® Reach out and confuse
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Technology Briefing . . . .22

® Treasures to pass on
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Newsletter ......27, 30

Technolog

Breckthro!:gh S b
e Silicon micro-aligner
trims cost and yields
perfect optical-fiber
alignment

e New backlight device
promises increased
AMLCD performance at
a lower cost

o [EEE environmental
meeting explores practi-
cal solutions for green
design

Info Page ..... 10
® (how to find us)
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Service ........ 168A-D
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Frank Goodenough: 1925-1998

and most-respected individuals in electronics

trade journalism, Frank Goodenough, bade us
farewell after a long and courageous battle with can-
cer. His illustrious career as both a talented design
engineer and an eminent technology journalist
spanned more than 50 years, culminating in his posi-
tion as ELECTRONIC DESIGN’s Analog and Power
Technology Editor.

In the annals of our business, Frank was a legend
when it came to the analog, mixed-signal, and power
design engineering communities. For nearly two
decades, he reported on developments in those fields
with a knowledge that was unequaled. He put close
to 100 major developments in those fields exclusively
on the cover of ELECTRONIC DESIGN. As a technology
journalist, he received the Jesse Neal Award for edi-
torial excellence.

Frank had many close friends in
the analog, mixed-signal, and
power design engineering, acade-
mic, marketing, and public rela-
tions communities, many of them
industry “movers and shakers” and
legends in their own rights. Their
names read like a Who’s Who in the
electronics industry. It was about
two years ago that Frank was hon-
ored and roasted by ELECTRONIC
DEsIGN in Silicon Valley for his con-
tributions to electronic trade jour-

On Friday February 13, one of the best-known

Frank was a man with many interests and a gen-
uine zest for life and all it had to offer him. His chil-
dren remember him as seeker of information and
knowledge, someone who was always questioning
the nature of the world around him. He taught them
that there are no dumb questions, and that the
search for answers is a worthy endeavor.

As the only child of Frank Hamilton Goodenough
and Clara Vorris Goodenough, he distinguished him-
self as an electrical engineer at such leading industry
companies as Lockheed Electronics, Teledyne
Philbrick, Brown and Root, and Analog Devices. He
worked for two years at NASA, designing telemetry
systems for the Apollo space program. He also
worked as Section Head for Project Mohole, where
he discovered acoustic interference between differ-
ent sonars and developed a solution to the problem.
Frank brought his love for life to
everything he did. He loved good
food and wine, especially sharing it
with friends and family. Dancing
also was a passion, and he was a
graceful and energetic partner. He
loved poetry and many kinds of mu-
sic, but the outdoors was his great-
est source of enjoyment. He en-
Jjoyed archeology and geology. He
loved hiking, and passed this enjoy-
ment along to his children. Frank
liked lively discussions of almost
any kind. He had an interest in phi-

nalism. That was an event that losophy and a terrific sense of hu-
drew a couple of hundred notables FRANK ﬁgg‘BgNOUGH mor.
from the electronics industry. Frank was married for 42 years to

Frank was the personification of the fountain of
youth and the eternal optimist. He was biologically
nearly 73 years of age (he was born Mar. 28, 1925, in
White Plains, N.Y.), but his boundless energy and
enthusiasm for his work and life was that of a 17-year
old, and was, indeed, infectious. He was in touch with
us constantly, even during his final days of his heroic
battle with his illness, wanting to know what was
happening in the analog, mixed-signal, and power ar-
eas. To the end, he was forever giving us his precious
advice on the happenings in those areas.

Frank’s knowledge of those fields was no accident,
having worked for nearly four decades in those com-
munities as a brilliant design engineer. Before joining
the industry, he attended the Massachusetts Institute
of Technology, and graduated from Drexel Institute of
Technology with a BSEE.

Barbara Thompson Goodenough of Newton, MA. He
is survived by her and their four children, Paula of
Pittsfield, MA; Steven of Newton, MA; Sandra of Sc-
ituate, MA; and Theodore of West Bridgewater, MA;
as well as six grandchildren.

This wonderful friend will be sorely missed by all
who knew him. He may be gone from the scene, but
he will always be with us in our hearts.

In accordance with his wishes, donations can be
made to the Restless Leg Syndrome Foundation,
4410 19th St. NW, Suite 201, Rochester, MN 55901-
6624; or Good Samaritan Hospice, 310 Allston St.,
Brighton, MA 02146.

Roger Allan
Executive Editor
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In 1983, Galil intreduced the first digital, single-axis motion controller without tachometer feedback.

Today, more than 200,000 Galil motion
controllers are at work worldwide, helping
to build semiconductors, textiles, medical

equipment and manufacturing products.

Our revolutionary innovations have grown
into the world’s most complete line of
high-performance motion controllers for
steppers and servo motors. Up to 8 axes of
motion, including linear and circular
interpolation, gearing and ECAM for ISA,
Compact PCI, VME and RS232 standalone
environments. All with uncommitted 1/0
and memory for user-defined programs.

Let the value in
CALL 1-800-377-6329 TODAY

FOR YOUR FREE PRODUCT GUIDE, INCLUDING A Galll controllers
TECHNICAL REFERENCE ON MOTION CONTROL. move you' tOO.
Visit us at www.galilmc.com

©1998 Galil Motion Control, Inc » 203 Ravendale Drive » Mountain View, CA 94043
800-377-6329 » 650-967-1700 * Fax: 650-967-1751 » Email: gatil@galilmc.com

READER SERVICE 139
wai




Fairchild SuperSOT-8 FDR4420A

The 9.0 mQ MOSFET zhat

Makes Portables

40% smaller footprint
as compared to our
standard SO-8 package

SuperSOT-8

FDR4420A

Not shown at actual size, for comparison only

high cfficiency and improved battery run
time for DC/DC converters and other

portable switching applications.

ore Powerful

PowerTrench delivers the highest efficiency in the smallest package
The new Fairchild SuperSOT-8 FDR4420A leads the industry
in size and performance with the help of Fairchild’s advanced
PowerTrench MOSFET technology. The FDR4420A has a 40%
smaller footprint than standard $0-8 packages, a lower profile
(1 mm thick) and provides significantly improved power
efficiency. It achieves Best-In-Class Rpyg(on (9.0 m€2) and reduces
DC/DC converter power losses. This means longer battery
run time and improved overall reliability. Use the SuperSOT-8
FDR4420A in synchronous DC/DC converters and other
portable applications and achieve exceptional efficiency and

high switching speeds.

PowerTrench
MOSFET
Fairchild’ newe Power Trench MOSFET For a SuperSOT-8 FDR4420A Information Package,
e T W T literature number 570242-001
. iy aesig

www.fairchildsemi.com/offer/dpst/4420a

R ST AR
FAIRCHILD
SEMICONDUCTOR™
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Industrial Single

Board Compufters
& Systems

Half-size PCIAT ISA Bus V'PE rs
PC/104 Compatible T
*Up to 233 MHz Pentium™ Processor

with MMX ™ technology
*Up ta 256MB of DRAM
*PCl Video w/ Flat Panel

& CRT operations
*PCI E(IDE) and Fast SCSI 2
*10Base-2/T &

PCI )0/100Base-TX
*Battery-Backed SRAM
*Up to 4MB Bootable Flash
*CompactFlash IDE compatible disk module
*Boot Block Flash BIOS

PCI-ISA PICMG Compatible

*From 100 MHz Pentium® to 233 MHz Pentium®
processor with MMX ™ technology

*Up to 512MB of DRAM

*PC) Video w/ Flat Panel & CRT operations

*PCI EIDE & PCI Fast & Ultra SCSI 2

o 10Base-2 /T & PCI 10/100Base-TX

*Up to 4MB Bootable Flash

*CompactFlash IDE compatible disk module

*Boot Block Flash BIOS

Portable SBC

Low Power Hand-Portable
Industrial SBC

*Up to 133 MHz Pentium
Pracessor, SPGA package

Two dual-port PCl-to-PC Card
CardBus controller unit
supporting 4 TYPE L or Il
arZ TYPE il PCMCIA slots

* 1MB £D0 DRAM, SVGA Video
with Flat Pane! & CRT operations

*SoundBlaster™ and Windows

compactPel

compatible hardware
TEK-CPCI

Computer Platform

*Development system chassts with
five 6U & three 3U CompactPCI™ slots,
a penpheral bay, two EIDE connectors
& up to 2 hot-swappable
™ power supplies
*PICMG Rev. 2.1 compliant SBC
with up to 233 MHz Pentium'

= processor with MMX ™ technology
*Onboard Floppy, EIDE &
10/100 Base-TX Ethernet interface
* SVGA peripheral adapter board
with support for up to 2MB of
video memory
TEK-PAK
Flat Panel
Computer System .
* ViPer's Industrial SBC pentlum
*Active/Passive
Matrnx Color LCD
*Extended temperature
EL displays
*Resistive/Capacitive
touchscreen

*NEMA sealed enclosures

U.SJCAN.: Tel: 1-800-387-4222

U.S. Tel (561) 8836191 ~ Fax (561) 883-669)
WEB ADORESS http //www tekn m SALES sales@teknor.com
o 0t (e bogs 5 Proweg ey regidend Irademans 3¢ X g2 2 tratomk
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Distribution The Engineering Perspeciive 1997

1: Source for Design Engineers

Distribution. The Engineering Perspective 1997

new products for prototype design
-

Pmﬁll_.l_f'* '\'muc

'Y #1: Service Leader

1SSUE HIGHUIGHTS Readers Pick the Leaders Survey, 1995
secormucToR e

#1: mgtmer’s Pre!erena.'

Brand Awareness and Preference Studies, 1996

Call write fax or visit us on the
Internet for your FREE CATALOG today!

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls, MN 56701
Toll-Free: 1-800-343-4539 < Fax: 218-681-3380
Order Online www.digikey.com
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Six Sigma Quality.
On-Time Delivery.
Ageressive Pricing.

NEC is Jumping into the
North American
Optocoupler Market.

Expect some waves.




The Broadest Selection of Hot

T

When you're connecting a PCB or peripheral to an — UCC3912
' . . N 2A FUSE
active bus, Unitrode’s Hot Swap Power Manager 1Cs
B s LA I PTC FUSE
provide the fastest response to overcurrent problems
and maintain the highest degree of data integrity under any
fault condition. Some devices can control over 1000V - leaving
the competition in the dust. In fault condition, a low duty cycle .
Large Voltage Glitch!

retry mode significantly reduces average FET power dissipation.

B

Unitrode’s Hot Swap Advantages

¢ Floating Topology for High Voltage Applications

&

High Speed Active Current Limiting Prevents
Interruption of Power or Data Flow

High Speed Overcurrent/Fault Response
Automatic Fault Retry or Latched Fault Mode
True Power Limit Control for External FET Devices

Fault Output Indication

® 6 oo o o

Shutdown Control

For samples and application information, give us a call today.

@. UNITRODE

|w-The Linear IC Company Everyone Follows

TEL: (603) 429-8610

http//www.unitrode.com « FAX: (603) 424-3460 « 7 Continental Boulevard * Merrimack, NH 03054
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[f You Think Omron Only Makes Relays,
Read Between Our Lines.

t's true we're the world's number

one relay supplier. So it's not
surprising to learn that design engineers
and specifiers know us for our relays.

But we also manufacture the
world's most complete line of switches
and photomicrosensors.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
manufacture telecommunications
products, home and office electronics,
computer peripherals, appliances, and
HVAC equipment, just to name a few.
Proven reliability
makes Omron
relays, switches,
and photo-
microsensors the
preferred choice
of design engineers
and specifiers

worldwide.

&

What does all this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application, you're looking at a
considerable cost savings. Plus you'll
see your design go into production that
much faster.

In switches alone, we have basic
switches, mechanical keyswitches,
rotary and in-line DIP, thumbwheel and
rocker switches, amplified and non-
amplified photomicrosensors, PCB
mount and connector-ready photo-
microsensors, as well as lighted and
oil-tight pushbuttons.

And evervthing Omron makes is

1002 tested, available to you world-
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wide, and hacked up by outstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for,
call now to receive our Standard
Products Catalog or visit our web site at
http://www.oei.omron.com. For a
directory of techinical data sheets, call
ControlFax at 1-847-843-1963 and ask
for document #50.

If you respond to innovation and
more efficient ways of doing business,
it's a story worth reading.

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG.IT'S FREE!

- OMRON

WE HAVE THE FUTURE IN CONTROL
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Don' just raise your expectations.

Double them.

Intel’s new StrataFlash™ memory.
2X the bits in Ix the space.

ntg Storing two bits of infor-
853 mation per transistor.
L5 i

pl instead of the usual one,

was once mere fantasy.
But leave it to Intel. the leader in flash
technology, to find a way to do it. And
make it easy and economical. too.

One architecture for code or data

What you thought would never happen
is now possible with Intel’s StrataFlash™
memory. Finally, you have all the density
you need for large code or data storage
in one architecture. With stand-alone.
single chip solutions and the renowned
reliability of your familiar NOR archi-
tecture. Intel has made multi-level cell
flash memory a reality.

Unprecedented density and more

Intel’s StrataFlash memory is the only
flash NOR architecture that provides
up to 64Mbits of density in a single
chip. And you get an upgrade path to
128 Mbits and beyond. It’s available in

various densities and package options,
including industry standard TSOP as
well as SSOP. What’s more, with its new
MicroBGA’ packaging, Intel StrataFlash
memory gives you the highest density
available in the smallest form factor.

Compatibility plus support

With Common Flash Interface, an open
flash specification supported by leading
NOR manufacturers, you can count

on future compatibility and cross-
vendor support. Plus, we can provide
the tools you need in all stages of your
system design, including free software
and behavioral models.

Realize the possibilities

The time has come to change your expec-
tations. Because now with StrataFlash
memory from Intel, the possibilities are
endless. For pricing, availability and
product information, visit our Web site,
or call 1-800-879-4683, ext.435.

> developer; inteli.com/desiign7pearlsi |

64 Mbit now in production. 32 Mbit available for sampling.

intgl.

The Computer Inside.
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ELECTRONIC DESIGN

EDITORIAL

Reach Out And Confuse Someone

ne of my San Jose-based editors is lobbying me to upgrade his analog cel-
0 lular phone to a spiffy new digital model. Of course, “upgrade” is a syn-

onym for “Sure it costs more, but it has improved performance, a smaller
footprint, and the to-die-for features that I just have to have.”

In California, a cellular phone is not a business perk—it’s a survival tool.
Anyone who has ever crawled along the congested Silicon Valley freeways at
rush hour can testify to the need for a cell phone. Because today’s consumer
advertisements push the benefits of digital cellular phones over their analog
predecessors, I decided to do a little homework on the pros and cons of the
two phone camps.

I picked up the February issue of Popular Science, which contained an arti-
cle on cell phones. Next, I read a pile of press releases from manufacturers, and
visited a local mobile phone store. From that research, it appears that the cel-
lular manufacturers and resellers have followed the automobile leasing busi-
ness model when it comes to jargon and confusing bottom-line costs.

Digital phones are touted as offering greater security, longer talk time, and
better sound quality. They also offer such standard features as messaging, In-
ternet access, and Caller ID. But not all digital phones speak the same language,
80 you run into problems when you're calling outside your serviee area. Analog
cell phones, however, offer the broadest coverage area. But, digital phones also
have dual-mode capabilities, so you can use your digital phone outside your ser-
vice provider area, albeit, without the digital perks.

Once the coverage problems are worked out, pure digital phones will be the
mainstay. But does that mean an end to analog technology? No. The folks at
Texas Instruments made the point to me recently, that in their view, as digital
technology advances, it drives the demand for more advanced mixed-
signal/analog technology. And, there is the push to integrate digital and analog
technologies on a single piece of silicon. If anything, we should see more ad-
vances as manufacturers work to improve analog ICs’ performance, functional-
ity, and packaging.

Now, if I can only get a grip on roaming fees, service costs, incoming call costs,
monthly minute costs, and all the other annoying charges that service providers
tack onto the cost of the phone. Then, I might just approve my editor’s request.

-
—
',.

7

N e

Tom Halligan
Editor-in-Chief
thalligan@penton.com




Every Measurement

Counts .

There's no ro

That's why National Instruments E Series data
acquisition (DAQ) products deliver the accuracy
and performance you need.

Get the measurements you expect. Choose DAQ
products with these essential technologies:

v Reduced noise via shielding and

multi-layer

v Better accuracy and guaranteed
settling times at all gains

v High-speed memory access
v Simultaneous analog input and output
v Multi-board synchronization
v Flexible timing and triggering
v Hands-free calibration

v Complete driver software

Combine

Take Measurements — Not Estimates '

Family
6110E
6070E

Sample Rate
5 MS/s

1.25 MS/s
6040¢ ' 500 kS/s 16

om for error in your measurements.

board design

performance with accuracy so you can

input

Channels

6030E | 100 kS/s up to 64 $1995 |
6020E | 100 KS/s 16 $795
| 6011 | 20kS/s 16 $295 |

Call for intertace avail

Product and

*U.S. prices only

4

ability for PCI, PXt", Compact PCI, PCMCIA, {1SA, VXI, NEC, USB, and Parallel Port

7 NATIONAL
INSTRUMENTS'

The Software is the lnstrument

U.S. Corporate Headquarters
Tel: (512) 794-0100 » Fax: (512) 794-8411

info@natinst.com ¢ www.natinst.com/daqg
Worldwide network of direct offices and distrib.itors.

© Copynght 1997 National Instruments Corporation. All rights r2served
mpany names listed are trademarks or trade names of ther respective

Visit us at booth 23053 at Quality Expe, April 21-23, Rosemont, IL
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Software Designed for DAQ

LabVIEW™ - the leading data
atquisition application sofiware
LabWindows“/CV1 - for C/C++
ComponentWorks ™ - for Visua Basic
Measure ~ - for Microsoft Exce!
VirtualBench™ - readytorun virtud
instruments

For your FREE ’
copy of “Essential \
Technologies for ‘
Measurements

You Can Count On™

call:

(800) 327-9894

(US. and Canada)

OEMs
Call us for
pricing!




_/icron’s 100 MHz SDRAM module.
Its the digital equivalent ot an adrenaline rush.

100 muz sotutions | Micron, the master of SDRAM production, now follows up their popular 66 MHz product with a family

DENSITY CONFIGURATION
16MB  2Mhb x 64/72 DIMMS

same st xoarrsomms | Of 100 MHz solutions. Whether you're looking for 16MB, 32MB, 64MB or 128MB modules,

64MB  BMb x 64/72 DIMMS
128MB  16Mb x 64/72 DIMMS

byl i S e Micron’s 100 MHz DIMMs will launch your products into high gear. For data sheets call 1-208-

™
16Mb x4, x8, x16 o ; ] e
64Mb  xd, xB, x16 368-3900 or visit our web site. www.micron.com/mt |Uln
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nnouncing Foundation™ Series Software
from Xilinx. A simple, powerful, ready-to-use
solution for designing with the industry's
highest-density, highest-performance FPGAs
and CPLDs. It's fully integrated with design
entry, synthesis, implementation and

R Y T [ <} i i
S Ty simulation tools, and
e — A= jt's all baked into
* p e one powerful design
i‘l: g-;:umz#m environment.
A/ Sema !l“*:% That's the cake.
Ale ] Owak vy -
=+ g | And now
o o . ‘
§ T e e | for the frosting.
3 RFE := DIN & REG( N
- B 4/ Foundation
al o ;
- R = Series features

industry-standard VHDL, plus graphical HDL entry
and push button synthesis. Couple this with

Insight

NU
HORILINS

n 1 troni )

Marshall

features like Synopsys™
synthesis and incremental design/pin-

locking, and voila! Now, even the most

novice user can become expert, quickly and
easily. So it's no surprise that we're the desk-top
solution of choice for designers worldwide.

For ease-of-use, performance, design
flexibility, and price, nobody beats Foundation
Series Software from Xilinx.

Take a look at our website at
www.xilinx.com. Or, better yet, call your local
distributor and they'll
show you why designing
with Xilinx Foundation
Series Software is a
piece-of-cake!

Success
made

simple.

& XILINX

The Programmable Logic Company
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M RANGEMAX ™ OTHER INVERTERS

Linfinity Microelectronics
800-MI-7011
Fax: 714-372-3566

www.linfinity.com

SAVE POWER! SAVE MONEY!

ONLY RANGEMAX" INVERTERS
GIVE YOU 1,999 LIGHT LEVELS
BETWEEN BLACK AND BRIGHT.

RangeMAX inverters combine breakthrough 2000:1 digital
dimming with exclusive controlled-strike waveform features
to help you extend lamp life, battery life and reliability.

Here’s jitter-free, full featured backlight performance
designed to exceed your every expectation. RangeMAX
inverters are available for single, dual or quad LCD display
applications. All delivered in space-saving modules, as small
as 10mm x 6mm x 135mm.

If you design LCD backlit displays, let RangeMAX sharpen
your competitive edge. For twice the technology at half of
what you’d expect to pay, call us, fax us or visit LinFinity’s
web site today.

LINFINITY

MICROTILTCTRONILICS

THE INFINITE POWER OF INNOVATION
ACI Electronics 800-645-4955, All American 800-573-ASAP, FAI Electronics 800-677-8899,
Future Electronics 800-388-8731, Jan Devices 818-757-2000, Arrow/Zeus Electronics 800-52-HIREL

©1998. ™ RangeMAX is a trademark of Linfinity Microelectronics Inc. Patents pending.
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TECHNOLOGY

NEWSLETTER

Alternate UV Lithographic
Technology Sought By Group

n an effort to maintain the U.S.’s leadership role in the
I area of advanced lithography, the EUV (LLC), (Ex-

treme Ultraviolet Limited Liability Company), San
Jose, Calif., and Silicon Valley Group (SVG), also of San
Jose, have joined forces to develop advanced lithogra-
phy equipment for production of 100-nm devices. In par-
ticular, the alliance will further investigate the feasibil-
ity of EUV lithography as an alternative to
conventional optical lithography. Using extreme ultra-
violet as a light source is expected to allow manufactur-
ers to produce semiconductor chips with feature sizes of
0.1 um or smaller. Such an advance also should make it
possible to manufacture more powerful computer chips.

Under the terms of the agreement EUV (LLC) will
provide SVG with vital EUV lithography insight. SVG,
in turn, will offer its technical and equipment manufac-
turing expertise in an attempt to refine EUV technol-
ogy. Also taking part in this effort is the Department of
Energy’s Virtual National Laboratory—a group repre-
senting Sandia National Laboratories, Lawrence Liver-
more National Laboratories, and Lawrence Berkeley
Laboratories. Their responsibility will be to supply the
proof of concept test system for EUV lithography. The
system, to be built at Sandia National Laboratories over
the next two years, will demonstrate the lithographic
potential of the technology.

EUYV (LLC)is currently comprised of three semicon-
ductor manufacturer members—Intel Corp., Advanced
Micro Devices, and Motorola. The group anticipates
broadening its membership base as development efforts
continue. For additional information on this alliance,
contact SVG at (408) 441-6700, or check out its web site
at www.svg.com. CA

Automated Test-Cell

Solutions Under Development

utomated test solutions that offer high throughput
A and test-access capability are becoming essential for
electronics manufacturers competing in a high-vol-
ume, intense time-to-market arena. Addressing this
need, Hewlett-Packard, Palo Alto, Calif., and JOT Au-
tomation, Oulu, Finland, have joined forces to develop au-
tomated solutions for electronic-manufacturing test cells.
Under the terms of the agreement, JOT—a devel-
oper of solutions for complex printed-circuit-board
transport and handling problems-—will develop and
manufacture board handlers designed specifically for
HP 3070 test systems. Hewlett-Packard will, in turn,
develop next-generation solutions for board-test prob-
lems. Both companies will work to combine their exper-
tise in such technology areas as test-cell management
software and HP 3070 system integration, including fix-

ture and test-software integration. It’s hoped that by
combining product lines and associated technologies,
test-package solutions will be created to successfully
meet test-cell-automation requirements in a number of
different test industries.

For more information on this joint venture check out
JOT Automation’s web site at www.jotgroup.com, or
visit HP’s site at hitp://hp.comigo/tmdir. ca

Color Field-Emission Displays

Emerge From Laboratories

fter many years of being a laboratory curiosity,
Aﬁeld-emission displays will shortly be commer-

cially available in both color and monochrome ver-
sions. At the recently held DisplayWorks conference in
San Jose, Calif., researchers at Motorola Ine., Tempe,
Ariz., demonstrated its first FED—a color 5.1-in. diag-
onal flat panel with quarter VGA resolution (320-by-
240 color pixels).

FEDs are based on the same concept used in CRTs—
electrons are emitted from a cathode and accelerate
through a vacuum using a high-voltage (5 kV or so) to
strike a phosphor-coated anode and cause various col-
ors of light to be emitted. However, unlike the CRT,
which has a single hot-cathode source whose emitted
electronics are “swept” across the screen by deflection
circuits, FEDs consist of an array of millions of elec-
tron-emitting microtips that form the cold cathode.
Hundreds of microtips are dedicated to driving each
pixel. Thus, barring a catastrophic failure of an entire
row or column, individual pixels have a lot of built-in re-
dundancy, and the resulting images are very crisp.

The distance between the microtips and the anode is
Jjust a millimeter or so, which allows designers to create
very thin panels. The filament-free nature of the cold-
cathode structure enables the displays to operate at low
temperatures (as low as 45°C) and at relatively high tem-
peratures (up to 85°C) with minimal reliability issues.

Late last year, PixTech, Santa Clara, Calif., demon-
strated a monochrome quarter-VGA-resolution FED
that can produce up to eight gray shades. The panel fea-
tures a diagonal of 5.2 in. (4.8 by 4 in.) and a thickness of
Jjust 0.79 in. The company also has color FED panels
with quarter, half, and full VGA resolution in develop-
ment. They will be able to display true TV colors and
full-motion video with resolution that can’t be distin-
guished from a CRT showing a VHS video tape. Dis-
play brightness for standard monochrome versions is
about 70 fLL (with high-brightness versions able to de-
liver up to 150 fLL), while the color panels deliver an im-
age with a brightness of about 200 NITS. The emissive
displays also have a wide viewing angle—typically over
160°, horizontally and vertically.

For more information, check out the Pixtech’s web
site at www.pixtech.com or contact Motorola at (602)
755-5500. DB
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“All the MIPS
Partners offer
great price/per-
formance. But if
you scored real high
on your SATs, you'll

probably choose NEC.”

"Re vera LSI Logic omnium
MIPS Partners sane electio
development tools eminentium
sapientissima est."

(“Actually, of all the MIPS Partners, LS| Logic is probably
the smartest choice for leading development tools.”)

/




"If you're looking for a world-class suppliet, go to any MIPS Partne But did
you know, IDT is on Mensa's list of fun places to visit in California?"

“I'm not suggesting that Toshiba is a smarter choice for this open architecture,
but | heard Stephen Hawking was seen wearing one of our T-shirts."

“It's okay if you choose one of the other MIPS Partners besides Philips
for scalahility. After all, there's always the temporary insanity plea.”
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NEWSLETTER

Photonics Association Formed

To Boost Research, Developments

new organization charged with helping to facilitate
Athe promotion of research and achievements in the

field of photonics has been formed in Colorado.
Known as the Colorado Photonies Industry Association
(CPIA), it will bring together professionals in industry,
education, and the government who work in photonics-re-
lated areas in research, development, and manufacturing.
The formation of this organization is particularly apropos
in Colorado, because it has blossomed into a hot bed for re-
search and development in the photonics industry.

Based in Denver, the CPIA will seek to leverage on-
going photonics activity to encourage collaboration and
transfer of technological information between its mem-
bers. Specific goals of the CPIA focus on four key areas.
First is to represent Colorado’s photonics industry na-
tionally, as well as on a global basis. Second is to help in
the development of educational funding, with the aim of
meeting future staffing needs. Third is to provide meet-
ings with guest speakers, reduce exhibition fees at con-
ferences, and a scholarship program. And, finally, they
plan to maintain a database of company, university, and
national laboratory capabilities.

The CPIA is now accepting memberships. Additional
information regarding membership, current members,
or CPIA directives, can be obtained by contacting (303)
8334333.ca

Audio Products Should Create A
Stir In Home Entertainment

he future of home entertainment, whether in the
T form of computers, DVD players, digital television

receivers, or improved set-top boxes, promises to
be exciting thanks to developments in digital multichan-
nel audio technology. Hoping to capitalize on these de-
velopments Altec Lansing Technologies Inc., Milford,
Pa., and Zoran Corp., Santa Clara, Calif., have entered
into a strategic alliance to develop high-quality home-
entertainment audio products at prices affordable to
both OEM manufacturers and consumers.

Under the terms of the agreement. Altec will use its
own patented side-firing speaker design combined with
Zoran’s ZR38600 Digital Audio Signal Processor tech-
nology to create a new family of products featuring
Dolby Digital AC3 surroundsound audio reproduction
systems. Zoran’s ZR38600 high-performance processor
is capable of real-time single-chip decoding of Dolby
Digital AC3 5.1 channel and MPEG2 digital algorithms,
as well as Dolby Surround/Pro-Logic data streams. Due
to its high processing power, it may be able to serve as
the engine for future sophisticated signal processing.

Both companies feel this alliance should culminate in
products that offer greater flexibility in meeting a wide

range of multichannel digital-system requirements at a
low cost. For further information, contact Altec Lans-
ing Technologies at (800) 258-3288 or at www.al-
tecmm.com. Or contact Zoran at (408) 919-4111 or
wWww.z2oran.com. CA

Monitoring Technique To Develop

Vias Uses Micromachined Sensor

igh-yield multichip-module manufacturing on
H large-area substrates—that’s one of the goals set

forth by the Packaging Research Center (PRC) at
the Georgia Institute of Technology in Atlanta. To
achieve that goal, the PRC’s Intelligent Large Area
Manufacturing team is looking at microsensor technol-
ogy for process monitoring. One novel technique has al-
ready been developed by associate professor Dr. Gary
May and graduate student Michael Baker. It monitors
film thickness in plasma etching, which is critical for the
plasma de-scum step. That occurs at the conclusion of
via formation using photosensitive polymer dielectrics.

According to May, the plasma de-scum step is crucial
to ensure that the via is fully opened. If the via is im-
properly “de-scummed,” the residue that remains after
the via is exposed can increase the resistivity of the con-
nection between the metal layers.

The lower-cost sensor allows direct, non-intrusive,
and real-time measurement of each etch rate. The pro-
totype sensor correlates film thickness with the change
in resonant frequency that occurs in a micromachined
platform during etching. The platform is suspended
over a drive electrode on the substrate’s surface and
then is electrically excited into resonance. As material
is etched from the platform, its resonant vibrational fre-
quency shifts by an amount proportional to the amount
of material etched, allowing the etch rate to be inferred.

As a proof-of-concept experiment, researchers fabri-
cated a platform consisting of DuPont 2611 polyimide.
The sensor was driven into resonance electrostatically,
and the shift in resonance was detected by monitoring
the change in impedance between the drive electrode
and platform as the drive frequency is swept. To en-
hance filtering of the sensor signal in the noisy plasma
environment, the platform is designed so that the ratio
of the plasma frequency to the fundamental mode of vi-
bration is approximately 400:1. The prototype was
etched in a Plasma Therm 700 series etching system in
a CHF3/0, plasma. Electrical contact was made with
the sensor using a feed-through attached to the vacuum
line beneath the process chamber to facilitate in-situ ex-
citation and measurement. May says the sensor was
shown to offer high resolution (approximately 1300
Hz/um) and a near linear correlation between film
thickness and resonant frequency.

For more information, contact Gary May at (404)
894-9420, or e-mail at gary.may@ece.gatech.edu. RE

Edited by Roger Engelke
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MEETINGS

MARCH 1998
Second Intellectval Property in Electronics
Seminar (IP ‘98), Mar. 23-24. Westin Ho-
tel, Santa Clara, CA. Contact John
Whitaker, Miller Freeman Technical
Ltd., +44 181-316-3297; e-mail:
ed98@cityscape.co.uk.

PCB Design Conference West, Mar. 23-27.
Santa Clara Convention Center,
Santa Clara, CA. Contact Molly
Knox, Miller Freeman, (408) 448-
6173; e-mail: mknox@mfi.com.

Robot Safety Workshop, Mar. 24-26. The
Westin Hermitage, Nashville, TN.
Contact Brian Huse at RIA Head-
quarters, P.O. Box 3724, Ann Arbor,
MI, 48106; (313)994-6088; fax (313)
994-3338; e-mail: bhuse@robotics.org;
www.robotics.org.

Southcon/98, Mar. 24-26. Orange
County Convention Center, Orlando,
FL. Contact Electronic Conventions,
(800) 877-2668 or (310) 215-3976; fax
(310) 641-5117; www.southeon.com

First Conference On The PC & Automation,
Mar. 26-27. Paris, France. Contact In-
terbus Club USA, P.O. Box 25141,
Philadelphia, PA 19147, (888) 281-
2871; www.interbusclub.com.

INFOCOM ‘98, Mar. 28-Apr. 2. Hotel
Nikko, San Francisco, CA. Contact
Ramesh Nagarajan, Lucent Tech-
nologies, 101 Crawford Corner Rd.,
Rm. 3M-318, Holmdel, NJ 07933;
(732) 949-2761; fax (732) 834-5906; e-
mail: rameshn@lucent.com.

[EEE Intemational Reliability Physics Sympo-
sium, Mor. 30-Apr. 2. Reno Hilton Hotel,
Reno, NV. Contact Ann N. Campbell,
M/S 1081, Sandia National Labs., P.O.
Box 5800, Albuquerque, NM 87185-
1081; (505) 844-7452; fax (505) 844-
2991; e-mail: ancampbe@sandia.gov.

IEEE International Parallel Processing Sym-
posium /IEEE 9th Symposium on Parallel and
Distributed Processing (IPPS/SPDP), Mar.
30-Apr. 3. Delta Orlando Resort, Or-
lando, FL. Contact Viktor Prasanna,
EEB-200C, Department of EE Sys-

tems, University of Southern Califor-
nia, Los Angeles, CA 90089-2562; (213)
740-4483; fax (213) 740-4418; e-mail:
prasann@ganges.usc.edu.

Embedded Systems Conference Spring,
Mar. 31-Apr. 2. Navy Pier Festival Hall,
Chicago, IL. Contact Liz Austin,
Miller Freeman Inc., (888) 239-5563;
(415) 538-3848; e-mail: esc@mfi.com.

APRIL
China Telecom 2000 Conference, Apr. 7-8.
Holiday Inn Capitol, Washington,
D.C. Contact Information
Gatekeepers, (800) 323-1088; (617)
232-3111; fax (617) 734-8562; e-mail:
igiboston@aol.com; www.igigroup.com.

20th IEEE krtemational Conference on Software
Engineering, Apr. 19-25. Kyoto International
Conference Hall, Kyoto, Japan. Contact
Koji Torii, Graduate School of Informa-
tion Sciences, Nara Institute of Science
& Technology, 8916-5 Takayama-cho,
Ikoma-shi, Nara-ken 630-01, Japan; +81
7437-2-5310; fax +81 7437-2-6319; e-mail:
torii@is.aist-nara.ac.jp.

No.l in Prototyping

low Cost PrototypeiCircui

READER SERVICE NUMBER 155

| ds




Now, get 25 years of signal
integrity expertise...to go.

Connecting

HGHER

level.

AP

READER SERVICE 206




MICRELs LMC7I0I
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Micrel’s new LMC7101
op amp is designed to
improve upon the industry
standard SOT23-5 op amp.

We took all the specs of
the original LMC7101 and
then beefed up the output
stage to drive more current
(BOmA sink or source) and
swing closer to the rails
(within 100mV), optimizing it
for your more challenging
portable systems.

Otherwise its the same
part—same performance,
same supply voltages, same
package, same pinout—
allowing direct plug-in
replacement with no
performance tradeoff.

For more information, cll
us or check out our website.
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Total Analog Solutions



_TECHNOLOGY BREAKTHROUGH

Silicon Micro-Aligner Trims Cost And
Yields Perfect Optical-Fiber Alignment

aligner promises a low-cost, in-

package solution for keeping
spliced optical fibers or fiber/laser
diode interfaces in perfect alignment.
Demonstrated for the first time in Feb-
ruary, at the Photonics West Confer-
ence in San Jose, Calif., by The Boeing
Company, St. Louis, Mo., and MCNC,
Research Triangle Park, N.C., the
three-axis device exhibited movement
of greater than 10 um on all three axes.

In fiber-optic-based systems, the
packaging and fiber-to-fiber splice
alignment costs tend to dominate the
overall expense of assembly. That has,
to some extent, limited the use of fiber-
optic based systems. However, with
this prototype microelectromechanical
system (MEMS), designers will have a
device that fits into a standard 14-pin
optoelectronic hermetic butterfly pack-
age. It measures less than 5 by 4 by 0.5
mm, and is expected to cost just a few
dollars per fiber splice.

This performance would allow as-
semblies to achieve alignments with ac-
curacy errors of less than 0.2 um. They
also could do the alignment in less time
than any machine-automated ap-
proach, explains John Haake, a senior
project engineer for Smart Structures
and Systems at Boeing. When mass

T his silicon-based, active micro-

produced, commercial versions can be
fabricated on chips as small as 1 by 1
mm, which would allow thousands of in-
package micro-aligners (IPMAs) to be
built on one wafer.

The IPMA employs a novel thermal-
actuator technology based on nickel-
surface micromachining to achieve
large forces (about 10 uN) and signifi-
cant displacements. The device elimi-
nates the need for an expensive and
limited-throughput alignment robot. It
could free designers from the con-
straints associated with packaging pho-
tonic circuits, while providing maxi-
mum performance because fibers
would be optimally aligned.

Although other alignment tech-
niques have employed electromag-
netic, thermal, electrostatic, piezoelec-
tric, and shape-memory alloys, this is
the first MEMS-based solution small
enough to fit in the hermetic packages.
The IPMA chips contain both mechan-
ical and electronie functions, and can be
mass produced to provide a low-cost
solution.

On the experimental IPMA chip de-
scribed by Haake at the conference, the
actuators were micromachined into the
silicon using a technique called LIGA (a
German acronym that refers to lithog-
raphy, plating, and molding). Although

1 actuator

X actuator

The three-axis MEMS micro-aligner, developed by Boeing and MCNC for fiber-optic systems,
uses thermal actuators to move the fiber by as much as +10 pmiin the X, Y, and Z axes.

-

the experimental chip only has three
actuators, one for each axis, the LIGA
technique would allow designers to
place dozens or even hundreds of active
nickel structures on a single chip.

Along with the actuators, the chip
uses counter-force springs for the X-
and Y-axis movement, thin-film heat-
ing elements for the actuators, and a V-
groove slot for initial positioning of the
fiber (see the figure). The structures
are all formed on a region of silicon re-
ferred to as a stage. This area is formed
by first depositing a silicon-nitride
layer on the silicon using plasma-en-
hanced chemical vapor deposition.
Next, the stage region is separated
from the rest of the chip by bulk-etch-
ing around its perimeter. A low-stress
low-pressure CVD (LPCVD) silicon-
nitride layer, patterned on both sides of
the wafer, protects the silicon stage
from the etching.

Surface micromachined layers are
then patterned to form the thermal-iso-
lation structures and microheaters for
the thermal actuators. A thick electro-
plated nickel layer is patterned using
the LIGA technique, which employs
synchrotron-based deep-X-ray lithog-
raphy to define the structures. LIGA
allowed the designers to define high-as-
pect-ratio structures. These are crucial
to obtaining actuation in the plane of
the IPMA chip. They also aid in defin-
ing corresponding spring structures
with high in-plane compliance and high
out-of-plane stiffness. LIGA also allows
plating heights thick enough to form
passive fixturing guides for the fiber
and precise edge-reference structures.

Following LIGA patterning, the
movable portions of the nickel struc-
ture are released via sacrificial etching.
The silicon is then subjected to
anisotropic etching to cut away the
stage from the rest of the chip, and
thermally relieve the thin-film heaters.
Here the silicon-nitride layer is used as
an etch mask. This leaves the stage sus-
pended by nickel springs defined by the
LIGA processing, and very responsive
to the three thermal microactuators.

The work on this project was done
under an Army Research Office con-
tract funded by the DARPA-Defense
Sciences Office. For more information
on the IMPA chip, contact Daniel
Davison at (314) 233-5416 or e-mail:
daniel.davison@boeing.com.

Dave Bursky
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New Backlight Device Promises Increased
AMLCD Performance At A Lower Cost

lthough active-matrix,
A liquid-crystal displays

(AMLCDs) have long
been a dominant technology in
the display industry, they are
now being stretched to their
technological limits by ad-
vances in digital devices.
While some researchers have
turned their development ef-
forts toward potential re-
placements for AMLCDs,
many continue to try to im-
prove the basic AMLCD tech-
nology. To that end, a team at
Teledyne Lighting and Dis-
play Products, Hawthorne,
Calif., has developed a small-
aperture backlight illumina-
tor that promises to enhance
AMLCD resolution significantly, while
decreasing costs.

The technology, known as Alpha-
Light, can be used to sequentially light
the three primary colors—red, green,
and blue (RGB)— as well as white
light up to a distance of approximately
2500 fL (see the figure). It operates
with either a constant or pulse-width-
modulated low-voltage de drive, and
can be individually color addressed at
on/off times of less than 100 ns. The il-
luminator produces light in the 470 to
660 nm wavelength range, without
distortion or discontinuity, and with a
luminance uniformity of 3% over a lit
surface. Developers say the technol-

The Alphalight backlight technology can be used to light the primary
colors and white areas sequentially. Developers believe that its
performance, coupled with its low cost, will change the way many
active-matrix liquid-crystal displays are implemented.

formatting HDTV, this looks like the

| best way to do it—and do it with cur-

rent TFT deposition capabilities.”
The technology is designed to be
used in conjunction with
color-sequential imaging
(C8SI) techniques. This not
only accounts for the in-
creased resolution, but en-
hanced operational life and
product portability as well.
In fact, using AlphaLight se-
quential color illumination,
an AMLCD dot matrix with
individually multiplexed pix-
els can produce a fully satu-
rated color video, graphics,
and information display.
Each pixel is filled during
its “on” cycle as opposed to
being split into separate
pieces, assigned a primary
color, and then filled in with
that assigned color, as is the
case with nonemissive color

ogy also has achieved a 15,000:1 full | AMLCDs. The net effect of this ap-

dynamic range dimming capability .
AlphaLight operates instantly with
no ac noise. It does not require warm-
up or overvoltage start-up when first
addressed. Additionally, it needs no in-
verters or transformers, as do electro-
luminescent (EL) or fluorescent
lamps. As a result, the AlphaLight
backlight is much easier to integrate
in display systems than conventional
backlight technology. According to
David Pelka, one of the inventors of
AlphaLight, “You can not only use Al-
phaLight to make an AMLCD sim-
pler, but if you want higher spatial res-
olutions, including those required for

proach is that the fill factor, and as a
result, the resolution, increases.
Because it eliminates the need for
costly color filters, and uses a simpli-
fied on-glass thin-film transistor archi-
tecture, the AlphaLight technology is
much less complicated and expensive
to manufacture than conventional
AMLCDs. Additionally, the technol-
ogy enables the elimination of up to
75% of the drive and address circuitry
commonly found in modern AMLCDs.
For information, contact Teledyne
Lighting and Display Products at (213)
T77-0077 or by fax at (213) 242-1924.
Cheryl Ajluni

IEEE Environmental Meeting Explores
Practical Solutions For Green Design

ow in its sixth year, the IEEE In-
N ternational Symposium on Elec-
tronics and the Environment
(ISEE) has starting moving away from
theoretical topics to more practical solu-
tions. The pioneering conference seeks
to prepare engineers and technical
managers to address the environmental
concerns that will shape the electronics
industry during the next century.
The ISEE, which will be held May 4-
6 at the Hyatt Regency Hotel in Qak-
brook, I11., deliberately presents a broad

range of topies, allowing a rare opportu-
nity for management and design staff to
gain insight inta each other’s worlds.
During the three-day conference, 18
technical sessiens will be presented in
three concurrent tracks. Attendees will
be able to explere topics ranging from
life-cycle product management to envi-
ronmental cost-accounting tools.

In the words of cochairpersons Patri-
cia Dillon and David Ufford, “This sym-
posium goes beyond mere compliance
with regulations and laws to champion a

more proactive process of integrating
environmental stewardship require-
ments into the materials and process se-
lection, design and technology improve-
ments, and life-cycle management
practices associated with electronics.”
In the past, the conference has served
as a forum for members of the academic,
corporate, and engineering communities
to exchange information and ideas.
While many of this year’s sessions still
cover theoretical topics, there are now
many sessions which present practical
solutions already being deployed in the
real world. Speakers from major elec-
tronics manufacturers will share their
experiences in implementing environ-
mentally friendly practices within the
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TECHNOLOGY BREAKTHROUGH

highly competitive electronics industry.

The conference’s first day features
three half-day workshops. One will pro-
vide an overview of design-for-environ-
ment (DFE) tools. A second tutorial
will provide an overview on tools avail-
able for pollution prevention and sus-
tainability. The third half-day session
examines the issues and technologies
involved with recycling electronic prod-
ucts at the end of their useful life.

During the rest of the conference, de-
signers will find an abundance of ses-
sions that contain information they can
apply directly to their work. In session
six, “Design for the environment appli-
cations—Part 1,” William Trumble and
Jane Brydges of Nortel Corporation,
Ottowa, Canada, will present their pa-
per “Technical progress in printed
wired assembly using Nortel’s no-lead
solder assembly process.” In the same
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session, N. F. Nissen of the Fraunhofer
Institute for Reliability and Microinte-
gration, Berlin, Germany, will discuss
his paper, “Evaluating environmental
factors for prelayout board design.”

On Tuesday and Wednesday, design-
ers will be able to attend presentations
on topics like “Materials selection for
life-cycle design,” presented by Julie
Stuart and Renata Mealy of Ohio State
University, Columbus, and “An expert
system for ranking of DFE strategies,”
by a team from Delft University of
Technology, Delft, The Netherlands.

Many manufacturers are already
discovering that a product need not be-
come a waste-disposal problem if some
careful up-front planning is done during
its design. In sessions 15 and 18, “End-
of-life, parts 1 & 2” (Tuesday 8:30 to
10:30 a.m., and Wednesday 10:45 a.m. to
12:15 p.m.), participants will learn ways
they can begin to design their own
products for reuse or recyclability.
Some of the more interesting papers to
be presented at these sessions will in-
clude, “How product characteristics de-
termine end-of-life strategies” and
“Linking demanufacturing operations
with product DFE initiatives.”

With five years of serious work be-
hind them, ISEE’s sessions are now full
of real-world examples of green engi-
neering practices. Sessions 8 and 16,
“Design-for-environment tools parts, 1
and 2” (Tuesday, 2:00 to 3:00 p.m., and
Wednesday, 10:45 a.m. to 12:15 p.m.),
will let participants see the latest mod-
eling and decision-making software
techniques. Session 14, “Design case
studies,” (Wednesday, 8:30 to 10:30 a.m.)
will examine real-world design issues
for many types of systems.

Technical managers responsible for
implementing environmentally friendly
policies and practices will also have a
chance to look at some of the most im-
portant topics emerging today. Discus-
sions of environmental stewardship
(sessions 10 and 13), cradle-to-grave
product management (session 12), and
supplier management (session 7), will
help concerned managers begin to eval-
uate their role in the DFE equation.

Both IEEE members and non-mem-
bers are invited to attend this event.
Contact the IEEE registrar at 455
Hoes Lane, Piscataway, NJ 08855-1331;
(732) 562-3875, fax (732) 981-1203;
www.ieee.org.

Lee Goldberg




vel of productivity
integrated IEEE 1076-93
VHDL design environment. Designed
for the masses, Active-VHDL will let
you complete the largest and most
complex FPGA and CPLD designs with
ease.

Designed for Windows, Active-VHDL

incorporates the m(')?t'h'iﬁiﬂcg!{e res
of this software platfaqmdlis suﬁagbR
intuitive. Everything you ilLev,&H‘*\\

is included in Active-VHDL-a
available on www foryou#p
evaluation on real projects. B s A Y

\

1-800-487-8743 \\ h 3N
ereisecen AT\ /@%

The Source for EDA Solutions Active VHDL & a,‘demark of Aldeciific.
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M Exploring advances in analog and mixed-signal ICs

Tiny Op Amp Targets Miniature
Portable Electronics

An Advanced Submicron Silicon-Gate biCMOS Process
Houses This General-Purpose Op Amp In A Flea-Size SC70 Package.

nents, op amps also continue

to get better in perfor-
mance, smaller in size, and
lower in price. This is all dic-
tated by compact cellular hand-
sets, pocket-size pagers, digital
cameras, and other portable
consumer electronics, which are
constantly evolving to offer
higher performance without
cost penalties. Consequently,
semiconductor vendors are con-
stantly enhancing processes,
refining architectures, and im-
proving manufacturing.

To meet the stringent needs
of these applications, National
Semiconductor has redesigned
the ubiquitous work horse of
the industry, the LM324, which
has served the requirements of
analog designers for the last
twenty five years. The result is a low-
voltage, single-supply op amp, the
LMV321, in a micro-miniature five-
lead SC70-5 package.

l ike other electronic compo-

Silicon Dust

The company calls it the “flea size
package and likens the tiny op amp’s
development to giving designers mi-
crominiature “silicon dust” compo-
nents to work with. National Semicon-
ductor claims that it is the smallest
available package for a standard op
amp (see “Wait and See,” p. 42). The
LMYV family is being aimed at compact
portable electronics, where space and
power consumption are key drivers,

’”

Ashok Bindra

says Erroll Dietz, design manager for
amplifiers at National Semiconduc-
tor's Analog Product Group based in
Santa Clara, Calif.

To be sure, the SC70 is not a brand
new package. Several logic devices are
being offered in this package today. At
dimensions of 2.0 by 2.1 by 1.0 mm, the
SC70-5 is approximately half the foot-
print of the conventional SOT23-5
package. In fact, with these dimen-
sions, the LMV321 approaches the
size of the chip resistors and capaci-
tors, as well as discrete transistors. As
a result, this tiny package allows de-
signers to insert the new op amp
closer to the signal source in tight

portable designs, thereby min-
imizing noise pick-up and im-
| proving signal integrity.

This miniaturization of the
LMYV family is made possible
by National Semiconductor’s
@ advanced 0.8-um silicon-gate
g biCMOS process that com-
bines the speed of
bipolar transistors

1th the low-power attributes
of CMOS circuits (Fig.1). And,
all this is achieved without in-
curring higher cost. In fact, the
* reduction in the size of the op
. amp’s die has enabled National
Semiconductor to lower the
cost of the LMV321 op amp by
about 50% over comparable
CMOS parts.

The sub-micron biCMOS
process the op amp is made on
has shrunk the LMV321’s die
size to 17 by 17 mils, allowing the com-
pany to place the chip in the micro-
miniature SC70 package (Flig.2). In or-
der to fit the die in this package,the
bond pads have also been reduced to
2.8 mils®. The need for smaller bond
pads has also pushed the wire-bonding
technology employed, as well as
stretched the wafer dicing process to
new widths.

ESD Protection

Despite finer device geometry, the
process incorporates a proprietary en-
ergy spreading technique that pro-
vides reasonable ESD protection for
such a tiny op amp. An efficient en-
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Simply the Best

Burr-Brown's new family of CMQOS A/D converters combine great
performance with unbeatable pricing! From 8-bit, 60MHz to 10-bit,
70MHz, this versatile family of converters operates from a single
+5V power supply and offers excellent performance with a single-
ended input, or operates with a differential input.

8-Bit ADC for Video & Test Instrumentation

In multi-channel applications, or where full scale input range
adjustment is required, ADS830 offers an external reference
option for excellent gain and offset matching.

Best Dynamic Range

60MHz A/D Converters

10-Bit ADC for Communications & Imaging

Low distortion and high SNR provide simply the best margin
needed for communications, video, and medical imaging.
ADS823's solid 60dB SNR through f,, = 20MHz performance is
outstanding for medical imaging requirements.

Simply the Best Options

Nothing beats the versatility of this family. Users can choose
internal or external reference options. A flexible input range
allows the full-scale to be set at a standard 2Vp-p or optional
1Vp-p. All offer low power dissipation plus a power-down mode
1o further reduce power dissipation.

Resolution Sample Rate SNR SFDR  SINAD Power Price FAXLINE# Reader
Product  (Bils) (MHz)  (dB)  (dB) (dB) (MW)  (1000s)  1-800-548-6133  Service #
ADS830 8 60 49 73 a8 180 $4.95 11429 80
ADS831 8 80 48 65 a7 265 $6.50 11430 81
ADS822 10 40 60 70 56 190 $5.95 11385 82
ADS823 10 60 60 74 59 265  $8.50 11386 8
ADS824 10 10 59 70 5 315 $9.95 11403 2 84

=} www DUIr-brown.com

BURR - BROWN?®

R ST SR
Burr-Brown Corporation » P.0. Box 11400 « Tucson, AZ « 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 ¢ http://www.burr-brown.com/
Distributors: Arrow: (800) 777-2776 » Digi-Key Corp: (800) 338-4105 « Insight Elecirenics: (888) 488-4133 + J.LT. Supply: (800) 246-2000 + Sager Electronics: (800) 724-3760 + SEMAD (Canadal: (800) 567-3623
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1. The biCMOS process cross section shows nMOS, pMOS, npn, and pnp transistors. The pnp transistors are basic lateral structures formed from
pMOS source/drain diffusions. The parasitic gate, which forms the base on the lateral pnp transistors, is tied back to their source.

ergy dissipative transistor in this
scheme clamps the electrostatic volt-
age to a safe level by spreading the
heat energy efficiently over as large
an area as possible. This approach also
alleviates the problems due to local-
ized heating, which can be damaging
to aluminum interconnects. Conse-
quently, under human body simula-
tion, the LMV321 is rated to with-
stand 900 V, while the machine model
indicates a tolerance of 100 V How-
ever, according to National Semicon-
ductor, its designers have developed
structures that pass over 2 kV of hu-

man body model discharges.

The finer process has also lowered
the single-supply requirements of the
LMV321 down to 2.7 V, thereby guar-
anteeing operation from 2.7t0 5.5 V.
By comparison, the existing standard
LM324 op amp operates over a supply

voltage range of 5 to 32 V. In addition, !

the LMV321 provides rail-to-rail oper-
ation with no crossover distortion

down to 2.7 V (F'ig.?). The rail-to-rail .

output swing sets the dynamic range
of the output, which is particularly im-
portant when the op amp is running on
low supply voltages. Additionally, the

amplifier offers a gain-bandwidth
product of 1 MHz and a slew rate of 1
V/us, while drawing typically only 130
pA of current under no-load conditions
from a power-supply voltage of 5 V.

Redesigned Architecture
Besides an improved speed-power
ratio, the biCMOS process has also al-
lowed the manufacturer to implement
matched input bipolar transistors to
minimize input offset levels and er-
rors, while reducing the 1/f noise. In
fact, to realize well-matched transis-
tors, the LMV321 uses pnp transistors

Wait And See

W

to the SC70-5.

Meanwhile, major players like Maxim Integrated
Products, Linear Technology Corp., Analog Devices,
Texas Instruments and Burr-Brown have opted for the
SOT23 as a proven miniature package for their respective
op amps. For instance, Maxim has released its single mi-
cropower op amp, the MA X4240, in a 5-pin SOT23-5. With
beyond the rails input and rail-to-rail output capabilities,

hile National Semiconductor has taken the pio- |
neering step in further shrinking the package size |
for general-purpose op amps, other major com- E
petitors in the analog world are not sitting idle. They are !
keenly watching the introduction of the popular single op !
amp in the tiny SC70 package, which approaches the size |
of chip resistors and capacitors. However, before they |
commit to such a miniaturized form, these semiconductor
vendors want to see the response of the analog designers i
E
1
]
]
'
1
|
)
I
|
|
|
]

dual +0.9 V to +2.75 V supplies. It has an input common-
mocle range that is guaranteed to exced either rail by 200
mV , while the output typically swings within 9 mV of the
rails with a 100-k€. load. Plus, this amplifier provides a
90-kHz gain-bandwidth produect, and uses only 10 pA of
supply current. In fact, this ultra-low power device is de-
signed to operate from two AA cells.

Linear Technology is also suporting the SOT23 for its
precision high-speed op amps. And, Burr-Brown has un-
veiled a single-supply, CMOS-based dual op amp, the
OPA2337, in a SOT23-8. Accordong to Burr-Brown, the
SOT23-8 offers a 75% smaller foot-print than the industry
standard SO-8. The manufacturer has also developed a
single op amp version in a 5-pin SOT23-5 package. The
trend is toward the SOT23-5 for single op amps, says
Burr-Brown’s strategic marketing engineer Howard
Skolnik. No matter how small it gets, it is going to get

the MAX4240 operates from a single +1.8 V to +5.5 V or | smaller with time, notes Skolnik.
. R T T e i T T WA D Toe L Ls o m | L mey s T T T NGE S LAST ST RS M e S T
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Simplify Your Data Collection Applications

Burr-Brown’s family of 12- and 16-bit, 4-channel, A/D converters
continues to grow and provide you with the best price/performance
options available on the market. These converters feature an
on-board mutiplexer, and are complete with internal clock, S/H
amplifier, and internal vottage reference. Al offer low power, parallel
and serial outputs, and a continuous conversion mode that allows
you to sample sequentially through all four channels. Plus, the serial
interface also provides a low-cost isolation solution for remote
data acquisition. With conversion rates up to 200kHz and power

Smallest 4-CGh, 12-Bit A/D

dissipation under 15pW in shutdown mode, these products are
ideal for battery operated systems such as personal digital
assistants, portable data loggers, and measurement equipment.

ADS7841 Key Specifications:

« Single Supply: 2.7V to 5V < Serial Interface

 4-Channel Single-Ended or  « Alternate Source for MAX1247
2-Channel Differential Input « 16-Lead SSOP Package

* Up to 200kHz Conversion Rate

Resolution Channels INL NMC* Sample Rate Power SINAD Price FAXLINE# Reqder
Product  (Bits) (LSB) (kHz) (mW) (dB) (1kpcs) 1-800-548-6133 Service #
ADS7824 12 4 £0.5 12 40 50 73 $12.30 11303 87
ADS7825 16 4 2 16 40 50 86  $28.46 11304 88
ADS7832 12 4 $0.75 12 117 14 71 $16.00 11332 89
ADS7841 12 4 *1 12 200 3 72 $4.59 11420 90
*No Missing Codes

BURR - BROWN?®

Burr-Brown Corporation * P.0. Box 11400 « Tucson. AZ  85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 « htip://www.burr-brown.com/
Distributors: Arrow: (800) 777-2776 + Digi-Key Corp: (800) 338-4105 « Insight Electronics: (888) 488-4133 » J.1.T. Supply: (800) 246-9000  Sager Electronics: (800) 724-3780 « SEMAD (Canaday): (800} 567-3623
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instead of pMOS transistors
(Fig.4). Furthermore to re-
tain the ac and dc characteris-
tics of the popular LM324 all
the way down to 0 2.7 V, the
LMV321 implements a dif-
ferential folded cascode cir-
cuit at the input.This allows
the designer to operate at
lower voltages with a very
wide input common-mode
voltage range, notes Dietz.
Typically, at a 2.7-V supply
voltage, the input common-
mode voltage range for the
new part is-0.2to +1.9 V. Con-
sequently, the LMV321 allows
direct sensing near ground in
single-supply operation.
Other key features of
LMV321 op amp at a 2.7-V
supply include a maximum

drift of 5 uV/°C, typical input
offset current of 2 nA, a com-
mon-mode rejection ratio
(CMRR) of 63 dB, and a
power-supply rejection ratio
of 60 dB

The typical input bias cur-
rent of the new op amp is 15
nA at a 5-V supply and 11 nA
at 2.7 V. Thus a 100-kS2 resis-
tor will cause 1.1 mV of error
voltage at a 2.7-V supply.
However, this error due to
the amplifier’s input bias cur-
rent can be reduced by bal-
ancing the resistor values at
both the inverting and non-
inverting inputs, according to
the op amp’s manufacturer.

While the open-loop gain of
the redesigned op amp is only
15,000 in the sinking mode

input offset voltage of 7mV, 2.The0. 81un biCMOS process has shrunk the die of the LMV32110 17  and over 100,000 in the sourc-

average input offset voltage by 17 mils. And the bond pod size has beeen redued to 2.8 mils2,

100.0 =
Vg=2.1V
10.0
2
- -
= ol
= 1.0 =
g T gk
~
0.1
0.01
0.01 0.1 1.0 10.0
(a) Output voltage referenced to Vg (V)
100.0 K== = 1
v: = 27 V
100 ——
| /
g 1.0 s
:
0.1
0.01
0.01 0.1 1.0 10.0
(b) Output voltage referenced ta ground (V)

3. The National Semiconductor tiny op ansp offers high source (a) and sink (b) currents at low

voltages to permit a rail-to-rail swing at the output.

ing mode, National Semicon-
ductor’s Dietz believes it is
more than sufficient for many applica-
tions. “As long as the gain error is less
than 10% of the offset voltage, the gain
of 15,000 is adequate” says Dietz. The
output impedance of the amplifier in
the open-loop mode is 500 Q
The shrinkage in die size has also
permitted National Semiconductor to
produce dual and quad versions of the
single LMV321 in comparatively
smaller packages. While the dual
LMV358 comes in an 8-lead mini SOIC
package, the quad LMV324 is housed
in a 14-pin TSSOP. Both, the dual and
quad versions provide true single-sup-
ply operation and retain the ac and de
characteristics of the LMV family.

Challenging Issues

Although, the SC70 package looks
attractive, it also poses many chal-
lenges to the analog designer Key
among them are thermal issues, me-
chanical reliability, and parasitic influ-
ences. The smaller package presents
higher thermal resistance. Conse-
quently, the thermal resistance (8;,) of
the SC70-5 package is 440°C/W. Such a
high value warrants proper thermal
design, ensuring that the part is not
overheated and operates within the
specified temperature range. The
thermal resistance drops significantly
as the package size increases. For ex-
ample, the thermal resistance offered
by the 8-pin miniSOIC package is
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Ultra-Small Package, Exceptional Performance

OPAG42 and OPA643 provide a level of speed and dynamic range
previously unattainable in a monolithic op amp—now in the
smallest available package—the SOT23-5.

0PA642—Low Distortion, Low Gain Op Amp

Using a unity gain stable voltage feedback architecture with two
internal gain stages, OPA642 achieves exceptionally low harmonic
distortion over a wide frequency range (-95dBc at 5MHz). Its fast
settling (13ns), low voltage noise, and high output current drive
make the OPA642 ideal for high dynamic range applications
such as high resolution imaging, wireless communications, data
acquisition, and professional audio. Other specs include
0.007%/0.008° dG/dP, and 90dB common-mode rejection.

Reader No. 97 < FAXL/NE #11190, 11191

’

1 www BUrr-bBrown.com

OPA643—Low Distortion, High Gain Op Amp

OPA643 achieves low harmonic distortion over a wide frequency
range by using a de-compensated voltage feedback architecture
with two internal gain stages. Internally compensated for gains
>+3 with 800MHz gain bandwidth product, OPA643 is
particularly suited for wideband transimpedance amplifiers,
moderate gain |F amplifier applications, and very low distortion
ADC driving.

Key Specifications: O0PA642 OPAG43
Low Distortion..................... -95dBc at 5SMHz .....-90dBe at SMHz
LOW NOISE...ov.ooveerveenrenreereerene ATNVANHZ: .., 2.3nVAHz
Gain Bandwidth Product........... DA VT 22 eyt St 800MHz
High Open-Loop Gain ................. G5 (1 B e vttt .- 95dB
High Output Current.............. HBOMAL et - otrrron e +60mA
Pricing from (10008).............. BERE ! o et GRD)

0PAB42 and OPAG43 are also available in 8-pin DIP, SO-8 versions
and high grade versions.
BURR - BROWN®

Burr-Brown Corporation * P.0. Box 11400 » Tucson, AZ  85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 ¢ http://www.burr-brown.com/
Distributors: Arraw: (800) 777-2776 « Digi-Key Corp: (300) 338-4105 « Insight Electronics: (888) 488-4133 + J.1T. Supply: (800) 246-9000 » Sager Electronics: (800) 724-3760 * SEMAD (Canada): (800) 567-3623
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T

235°C/W, and the 14-pin
TSSOP package presents
155°C/W.

While the part is compati-
ble with existing pick-and-
place machinery, its mechani-
cal reliability requires

assurance. Toward that end, ol

the part is tested electrically

National Semiconductor has
subjected the LMV321 to

tests. According to National
Semiconductor, the LMV321
in an SC70-5 package passed
without any rejects when

i

ined visually for any damage.
The parametrie stability test
indicates the op amp”s ability
to perform consistently over
time. This capability is ana-
lyzed via burn-in. Since para-
sitic effects are eritical with
such a small size, the signal
traces must be routed in a
manner that minimizes ac
and de parasitic effects on the
input of the amplifier.

Output
[ ¢

_;L Ground

PrICE AND

subjected to 1000 tempera-
ture eycles from -65 to
+150°C. This test evaluates
the device's ability to with-
stand both the extremes of
rated temperatures, as well as rapid
changes in temperature.

Additionally, the LMV321 also un-
derwent humidity and parametric
stability tests, and emerged without
any failures,asserts the manufacturer.
To determine the tolerance to humid-
ity, the package is subjected to mois-

i ture resistance test of Method 1004. In
this test, which is considered destruc-
tive, the package is subjected to 10 cy-
cles, during which the temperature is
varied from 25°C to 65 °C at a relative
humidity of 90% when the tempera-
ture is stabilized. Each cycle is for a
duration of 24 hours. During this test,

4. To achieve well matched transistors at the input, the op amp uses
PNPs instead of pMOS transistors. While the output is a combination
of pMOS and npn to obtain higher output current.

AVAILABILITY

The LMV321/358/32% op amps
are in production and are avail-
able now.The single op amp
LMV321 inan SC?0-5 package is priced at 27
cents. Likewnse, the dual version LMV358 in
an 8-pin miniSOIC package is priced at 27
cents, and the quad LMV3L; version in a 14-
pin TSSOP package is priced at 30 cents. All
prices are for 1000-piece quantities.

National Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara, Calif.
95052-8090. Telephone 1-800 272-9959 or
visit their web site at www.national.com

CIRCLE 460

POWERFUL LINEAR AND
NON-LINEAR CIRCUIT DESIGN

Quench your thirst for UNIX-class power
on the PC desktop. Serenade is a high-
frequency circuit design suite offering
integrated schematic capture, circuit
analysis, and layout in an easy-to-use

for degradation, and exam- |

| S—

interface. Ansoft has coupled the proven
accuracy and functionality of Super-
Compact® and Microwave Harmonica®
with schematic capture and layout. The
competitive price, intuitive interface, and
powerful simulation capabilities make it
attractive to large and small design
facilities alike. Serenade is available for

Windows 95 and Windows NT.

SERENADE® 7.0

UNIX-Class Power
on the PC Desktop

Call for your free demo
disk and explore the
power of Serenade.

412.261.3200 « INFO@ANSOFT COM « WWW.ANSOFT.COM YOUR HIGH-FREQUEMNCY 3 T
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We partner with you
to get the job done right

and on-time.

FPower Supply - Project Aurom XYZ Corp

Deltron provides:

+ On-site engineering assistance
« Prototypes in two weeks M Series
« JIT delivery Moduflex® Power Supplies
* 1,000.000 + Models
(€ W @ o & e P
¢ AC and DC Inputs
e r——— * Competitive Prices

Delfrort inc.

POWER ™~ PRODUCTS



M = DM = VX SERIES MODUFLEX® SWITCHERS

DESCRIPTION

Moduflex® Series form a comprehensive line of open frame
power supplies assembled from standard “off the shelf”
modules. The design features “State of the Art” topology, a
meticulous thermal structure and the use of high efficiency
circuits and components to attain the desired power density.
The modular system concept reduces manufacturing to
submodule assembly, capable of high volume production with
a superior quality level at moderate costs.

M Series are available in output power ratings from 250-750
watts. DM Series are available with a 48VDC input and output
power ratings of 400 and 600 watts. VX Series units consist of
four specialty units with output power ratings of 500, 750, 1000
and 1500 watts having the VXI standard voltages and currents.

Three classes of output modules are available. The
STANDARD outputs allow short duration surge currents on all
auxiliaries for hard starting loads. Optional CURRENT
LIMITED outputs have square current limiting and feature
wireless droop current sharing. Optional ENHANCED outputs
have square current limiting, one wire star point current share,
output good logic signal with LED, nominal 5V local bias,
individual inhibit and margining. For requirements that cannot
provide minimum load on the main output, the ZERO
PRELOAD option is available for main outputs up to 500 watts.

DELIVERY

Choose stocked units or construct a model number using
stocked modules for fast delivery. Otherwise, form a model
from the adjacent page to meet your specific requirements.
Contact factory for deliveries on models derived from non-
stocked modules.

STOCKED MODELS - Available in 3 days.

FEATURES

B UL, CSA, TUV (IEC, EN), CE.
w6 watts per cubic inch.
B 1-7 outputs, 250-1500 watts.
mm AC & DC input models.
mm VX| rated specialty models.
120 kilohertz MOSFET design.
am All outputs:
Adjustable
Fully regulated
Floating
Overload and short circuit protected
Overvoltage protected
I Standard features include:
System inhibit
Load proportional DC fan output
mam Options include:
Auto ranger
VME/VXI Monitor
End fan cover
Top fan cover
Current Limited Outputs
Enhanced Outputs
Zero Preload
I Fast delivery.
m Replaces expensive high density systems
using potted modules.

Fowe Qutp U D Qutp Qutp : ode

425W 5V @ 50A 12V @ 12A 5V @ 10A |12V @ 6A | M44R2323-47P
425W | 5V @ 50A 24V@ 6A |12V@ 6A |12V @ 6A | M44R2633-47P
600W 5V @ 60A 12V @ 12A | 12V @ 12A 5V @ 10A | M46C2332-47P
600W 5V @ 60A 12V @ 12A [ 24V @ 6A |12V @ 6A | M46C2363-47P

*Models shown in table include power fail monitor, auto ranger, current limited modules, zero preload
and end fan cover options. 600W models Case #3.

UNITS FROM STOCKED MODULES - Available in 2 weeks.

M 44 2 - YY X
Series —T Output #1 Variant
Configuration Sum of Option Codes OPTIONS
Power Code Output #4 Code Option Code D
00 None
Output #
Output #1 Code utput #3 Code 01 Power Fail Monitor
Output #2 Code 02 Auto Ranger
04 Current Limited
" R ) . 08 Zero Preload
Configuration: Allowable quad output configurations are 42, 44, 46 and 48. 16 Enhanced
Power Code:  Choose Power Code P, R, A through D for 250-750W models. 3 End Fan Cover®
Output Codes: Select any outputs from the shaded area on the Output Types table 5
consistent with the configuration chosen. 4 Top Fan Cover

Option Code:  Specify Option Code. Refer to the Option table. Codes 02 (redundancy)

and 16 (enhanced) are excluded from models available in 2 weeks.

Replace the YY with the sum of the option
codes. ‘600 & 750 watt units require Case 5.




MODEL SELECTION

Models are available in power ratings of 250 to 1500 watts,
with corresponding code letters P, R and A through D. See
Power Code chart. Contact factory for 1000 and 1500 watt
models.

Output modules are available in six types—J, K, L, M, N
and P in nominal power outputs from 75-500 watts. Type
M, N and P modules are variable power rated depending
upon the unit power rating. The M, N and P Module table
directly below shows the corresponding multiplier
applicable to the output current ratings of the M modules

HOW TO ORDER

To form the proper model number defining a custom requirement, select the letters M or
DM to designate the series, then choose the desired configuration of output modules and
list the configuration code. Insert the power code letter for the power level and follow with
the output code numbers or letters for each specific output. Enter a dash and from the
option table insert the sum of the option codes. Where lower power is desired for the main
module, an N module can be substituted and is denoted by a letter N in the output variant
position. In addition, when no preload is available for the main output, choose Option
Code 08 and add a P in the output variant position. For an enhanced main and current
limited auxiliaries, specify both 04 and 16 option codes.

MODUFLEX 400W QUAD SWITCHER

and allowable power ratings for the N and P modules. For —:? M 6 - YY _XL
example, a 750 watt multiple will have its M type module R
configured to produce 120A @ 5V or 12A @ 48V. The DCS'nPUt (S)utputf il Yanant
voltage and current rating of output modules are listed in Confi e;nes Oum . OfnggdCudes
the table of output types. This table assigns an alpha- :n |gurg£n ou:put : P -
numeric code designating the nominal voltage rating of the o € utput ode
Output #1 Code Output #2 Code
module.
M Module OUTPUT CONFIGURATIONS
Current Multipliers  N/P Module* The boxes below are diagrammatic representations of the power supplies as viewed
Single  Multiple Allowable from the output end. The two-digit numbers above the boxes are the configuration codes.
Output  Output  Power Ratings JRY 24 26 30
R 425W 0.85 0.5 250W
A 400W 0.8 0.6 250W M KIM LM KlLiIm
B 500W 1.0 0.8 300W
C 600W 1.2 1.0 400W 32 34 36 38
D 750W 15 1.2 500W #1 #2 | M #3 | #2 | #1 #3 | #2 | #1
*When an N or P module is used as the main output, ¥3 42 3
the allowable power and the module current ratings Jlym Jlklm Kl k|M Lloim
must not be exceeded.
Output Types* 40 42 44 46
Output Module Type #4[#3[#2 [#1 #1 #2[# #3[#2 (M
J K L M NP
Code Volts Amps Amps Amps Amps Amps #4| #3 | #2 #4| #3 #4
0 2 10 20 30 | 100 | 60 K[K[L|M J|J|J M JI[J|K|M JIKIK|M
1 |33] 10 20 | 30 | 100 | 60
2 5 10 20 [ 30 | 100 | 60 48 50 52 54
3 |12 6 12 | 24 | 42 | 42 #a#3 (w2 [M | [#5[#3[#2 [#1 | [#5 #1| [#5 #2 [#1
4 15 5 10 | 20 | 33 33 J J J
5 18 4 8 16 28 28 #4 #4| #3] #2 #4 | 43
6 |24) 3 [ 6 | 1221 | 21 KIKIKIM|[Jlk[LIM||J]J]lJdIM][olulKk]|m
7 |28 ] 25 5 10 18 18
A N RN 2 2 o e
#5 | #3 | #2 [#1 #5| #6 #1 #5| #6 | #2 | 41 #5 | #6 | #7 |#1
A [22] 10 20 30 | 100 | 60 J g1y Jly Jlaly
8 25 L 20 0 100 60 #4 #4 | #3 | #2 #4| #3 #4 | #3 | #2
¢ 121 10 120130060 Jlklk (M| lulolulm] o]l olelm]lulolylm
D 3 10 20 30 | 100 | 60
E 361 10 20 30 | 100 | 60 Refer to the table below for allowable configurations by series.
F 4 10 20 30 | 100 | 60 Output Unit Power Rating
B W NN Configuration 250W  400W 425W 500W 60OW 750W
H |57] 10 20 | 30 | 90 60
12 X X X X * X X
J [63] 10 20 30 | 80 60 24 % X = o . ox x
K 7 9 18 | 30 | 70 60 26 P %
L 8 8 16 | 30 | 62 60 30 o X
M 9 8 15 30 | 56 56 32 X S % x *x X
N | 10 7 14 30 | 50 50 34 X X x X o x X
P [1[ 7 13|27 a5 | 45 36 % - P R %
Q |[135| 6 1 22 37 37 38 . x X
R |17 5 9 18 | 30 30 20 X
S [19] 4 [ 8 [ 16 26 | 26 2 - = = % 57 .
) 21 4 7 14 24 24 44 . X X X . X X
U 23 4 7 13 22 22 46 . X X . X X
vV | 26 3 6 12 19 19 28 = X x
W | 29 3 5 10 i/ 17 50 x
X 3] 2 5 | 9116 |16 3 % ” o T =
Y 40 2 B 8 13 13 54 . X X X X
Z (4| 2 [ 4 [ 71272 6 " e X
Multiple output modules of a given type are 62 ° X L 2K X
arranged in ascending order by voltage 64 ol * X X
magnitude in the same sense as the output 72 X o X X

number sequence in the configuration
diagrams. *Shaded ratings are stock.

* Represents allowable configurations for the DM Series.
x Represents allowable configurations for the M Series.



SPECIFICATIONS

INPUT
90-132 VAC or 180-264 VAC, 47-63 Hz. Strappable. 40-60 VDC
for DM Series.

EMISSIONS
FCC 20780 Part 15/EN 55022, Class A Conducted.
EN 61000-3-3, Voitage Fluctuations.

IMMUNITY

IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. IEC
1000-4-3/EN 61000-4-3, Radiated Field. IEC 1000-4-4/EN 61000-
4-4, Electrical Fast Transients. [IEC 1000-4-5/EN 61000-4-5,

Leve! 3 Surge. IEC 1000-4-6/EN 61000-4-6, Conducted Field.

INPUT SURGE
34 amps peak from cold start for units under 400 watts, 68 amps
for other models.

EFFICIENCY
75% typical.

HOLDUP TIME
20 milliseconds after loss of nominal AC power. 3 milliseconds for
DM Series.

OUTPUTS
See model selection table. Outputs are trim adjustable £5%.

OUTPUT POLARITY
All outputs are fioating from chassis and each other and can be
referenced to each other or ground as required.

LINE REGULATION
Less than +£0.1% or £5mV for input changes from nominal to min.
or max. rated values.

LOAD REGULATION
+0.2% or £10mV for load changes from 50% to 0% or 100% of
max. rated values.

MINIMUM LOAD

Main output requires a 10% minimum load for full output from
auxiliaries. Use Option 08 if no minimum load is available for
mains up to 500 watts. Singles require no minimum load.

RIPPLE & NOISE
1% or 100 mV, pk.-pk., 20 MHz bandwidth.

OPERATING TEMPERATURE
0-70°C. Derate 2.5%/°C above 50°C.

COOLING

A min. of 6 LFS* for models under 400 watts, 10 LFS for others,
directed over the unit for full rating. Two test locations on chassis
rated for max. temperature of 90°C. For convection ratings consult
factory.

“Linear feet/second.

TEMPERATURE COEFFICIENT
10.02%/°C.

DYNAMIC RESPONSE
Peax transient less than £2% or +200 mV for step load change
from 75% to 50% or 100% max. ratings.

RECOVERY TIME
Recovery within 1%. Main output - 200 microseconds. Auxiliary
outputs - 500 microseconds.

SAFETY
Units meet UL 1950, CSA 22.2 No. 950, EN 60 950, IEC 950.

ISOLATION
Conforms to safety agency standards.

INPUT UNDERVOLTAGE
Protects against damage for undervoltage operation.

SOFT START
Units have soft start feature to protect critical components.

OVERVOLTAGE PROTECTION
Stardard on all outputs. VX Series - standard on main output.

REVERSE VOLTAGE PROTECTION
All outputs are protected up to load ratings.

OVERLOAD & SHORT CIRCUIT

Outputs protected by duty cycie current foldback circuit with
automatic recovery. Standard auxiliaries have additional backup
fuse protection. Options 04 and 16 have square current limiting
with automatic recovery when overload is removed.

THERMAL SHUTDOWN
Circuit cuts off supply in case of local over temperature. Units
reset automatically when temperature returns to normal.

FAN OUTPUT
Nominal 12 VDC @ 12 watts maximum.

INHIBIT
TTL compatible system inhibit provided. Option 16 has individual
output inhibit.

REMOTE SENSING
On all outputs except standard and 04 Option outputs 75 watts or
less.

SHOCK & VIBRATION
Shock per MIL-STD 810-E Method 516.4, Procedure |. Vibration
per MIL-STD 810-E Method 514.4, Category 1, Procedure .

MECHANICAL
CASE WATTS H x W x L
1 250W/425W 2.50° x 4.15" x 8.00
2 400W/500W 2.50" x 505" x 9.00
3 600W/750W 250" x 520" x 9.63"
4 B600W/750W 250" x 6.50" x 9.63" Config. 40 & 50 only.
5 600W/750W 250" x 6.00" x 9.63" Option 32 only.
6 1000W 5.00" x 5.05" x 10.40°
7 1500W 500" x 520" x 11.00"

OPTIONS

POWER FAIL MONITOR

Optional circuit provides isolated TTL and VME/VXI compatible
ACFAIL signal providing 4 milliseconds warning before main
output drops by 5% after an input failure. A SYSRESET signal
following VME timing requirements is provided when an N module
is used as a main output. Both logic signal outputs can sink
current per the VME specification.

AUTO RANGER
Optional circuit provides automatic operation at specified input
ranges without strapping. Not applicable to DM Series.

CURRENT LIMIT

Option provides on all outputs:

# Square current limit with auto recovery.

B Wireless droop current share for parallel or N+1 redundant
operation.

ZERO PRELOAD
Optional circuit removes need for preload on main output.
Available for mains up to 500 watts.

ENHANCED

Option provides on all outputs:

B Square current limit with auto recovery.

B Single wire active current share for parallel or N+1
redundant operation.

B DC output good logic signa! with LED indicator.

B Logic inhibit.

# Nominal 5V bias.

B Margining.

END FAN COVER
Optional cover with brushless DC ball bearing end fan which
provides the required air flow for full rating.

TOP FAN COVER
Same as above with fan mounted on top of the power supply.

Speciications subject to change without notice.

Dminc.

290 WISSAHICKON AVENUE, PO. BOX 1369, NORTH WALES, PA 19454
PHONE: 215-699-9261 * FAX: 215-699-2310 * TOLL FREE: 1-800-523-2332

~ ! E-MAIL: sales @deltroninc.com < VISIT OUR WEB SITE: www.deltroninc.com

98703C



Big Performance
Little Package!

Voltage Feedback Op Amp for Video/Imaging Current Feedback Op Amp for Communications

OPA2650 is a high speed, dual, low power (50mW/ch.), voltage OPA2658 is a dual, ultra-wideband, low power current feedback
feedback op amp featuring 360MHz bandwidth and 12-bit settling video op amp featuring 1700V/us slew rate and low differential
time in only 20ns. Its low distortion is ideal for communications. Its gain/phase errors (0.01%/0.03°). OPA2658's current feedback
wide bandwidth and voltage feedback design make it ideal for  design allows for superior large signal bandwidth even at high
active filter applications. OPA2650 is especially suited to high  gains. Its full power bandwidth, phase linearity and gain flatness
resolution video, CCD imaging and ultrasound due to its excellent ~ Make it a popular choice for communications.

)lse settling and DC precision. MSOP-8 Advantage

2650 is internally compensated for unity gain stability, and has Maximize your design options with OPA2650 and OPA2658 now
Jlly symmetrical differential input due to its “classical” op amp available in MSOP-8 packaging. The same high performance
Jrcuit architecture. OPA2650 is also available in single (OPA650) and low power optimized for portable design!
and quad (OPA4650) versions.

Bandwidth Slew Rate | FAXLINE# Reader
Product ™ (miz) Wis)  (mh) Package (800) 548-6133  Service #
| 0PA2650 360 240 1 8-pin DIP, S0-8, MSOP-8 11266 102
OPA2658 800 1700 £10  8-pin DIP, SO-8, MSOP-8 11269 104

BURR - BROWN?®

£ www. DUIr-hrown.com

=

O T T
Burr-Brown Corporation  P.0. Box 11400 » Tucson, AZ » 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 * hitp://www.burr-dbrown.com/
Distrbutors: Arrow: (800) 777-2776  Digi-Key Corp: (800) 338-4105 « Insight Electronics: (888) 488-4133 + J.LT. Supply: (800) 246-9000  Sager Electronics: (800) 724-3780 « SEMAD {Canada): (800) 567-3623




o
-
o~
-
o
-
v
e
-
=
.
z
S
v
-
=)
-4
=
(=]
e
-
et
-
el
=

. A\l .

LOW-COST SYSTEM-LEVEL ADCs

Commodity ADCs Pile More
Functions On-Chip For Less

Combining Innovative Circuits With Submicron Processes,
Analog IC Suppliers Are Driving 16-bit Converters Down To $5.

Ashok Bindra

ith the widespread proliferation of micro-
controllers and digital signal processors

(DSPs) in price-sensitive consumer, indus-
trial, and communications applications, engineers
demand more from general-purpose analog-to-
digital converters (ADCs). In fact, more for less is
becoming the norm of the day. Designers ask for
better resolution, faster sampling, multiple chan-
nels, simpler interfaces, lower power, and smaller
packages. And, of course, at an affordable price.

Meanwhile, mixed-signal semiconductor manu-
facturers continue to
advance their processes
and tweak their manu-
facturing procedures to
balance the right com-
bination of features to
satisfy user needs as
best as they can. Conse-
quently, in last few

SPECIAL
REPORT [Es

ply designs. The emergence of highly integrate
optimized single-supply 10-, 12-bit, and highe
resolution single-chip ADCs is making the desig
ers’ tasks much easier. This trend enables them
further lower system cost by significantly redu
ing the overall system component count.

On-Chip Temperature Sensor

Recent introductions reflecting this change ax
og Devices’ two new families of 10-bit ADCs.
The AD741x and AD781x are based on a succes-
sive-approximation-
register (SAR) architec-
ture and a 0.6-um
CMOS (Flig.1). Besides
offering special inter-
faces for easy linking
with standard micro-
controllers, these ADCs
also come with an on-

years, ADCs have seen chip bandgap tempera-
significant gains in per- ture sensor.
formance as their prices Aimed at thermal

have eroded, propelling
converters with over
12-bit resolution to
commodity status.

This erosion in ADC
prices has prompted
designers to move up
the resolution ladder, as
they begin to improve
their designs with 10-,
12-bit, and higher-reso-
lution ADCs. In fact,
some are now eyeing
14- and 16-bit convert-
ers, as these devices be-
gin to emerge with
competitive pricing. -

As processes advance, semiconductor suppliers Art Courte:
integrate more functions and seamless interfaces Integrated
on-chip, around the converter without incurring
cost. At the same time, they drive the supply rail
to lower voltages to cut power consumption. In
fact, analog system designers are shying away
from split supplies, instead turning to single-sup-

: Maxim  into precise voltage readings.

¥4 management applica-
4 tions ranging from PCs
1 to automobiles, the on-
| chip temperature sen-
sor allows accurate
measurement of the
ambient temperatu

Analog Devices says
the device offers an ac-
{ curacy within +2°C
i| over a wide tempera-
ture range of -55°C to
+125°C. The accuracy is
attributed to a novel
circuit employing two
transistors that convert
temperature changes

Plus, it contains an over-temperature interrupt
pin and an on-chip digital register, enabling the user
to program a set point. As a result, an alarm function
can be incorporated into the design. The alarm is ac-
tivated when the temperature exceeds the selected
value. This condition is determined by comparing




REF|y Voo
l Over-temperature
o register
Temperature
Sensor Charge-
1 2.5V redistribution Dataost  ——oData out
reference DAC
Sampling : Control register | o Datain
Multiplexer = capacitor Control ogic OSyeiam otk
’:D_l Clock Q Head/\m
<T7 VBALANCE O Chip Select
Analog GND  Digital GND BUSY  Comver Siobe

1. This functional schematic of Analog Devices’ AD781 7 shows a 10-bit, four-channel ADC with
an on-chip temperature sensor, a 2.5-V reference, and o flexible serial interface that's compliant
with most microcontrollers. The single-supply operation range is 2.7 to 5.5 V.

the on-chip over-temperature register
with the ADC code for the sensor.
While the maximum time for con-
verting a temperature reading into dig-
ital code is 20 ps, the SAR-based device
takes only 10 us to convert an analog
signal into a digital representation.
While 741x members come with an IC-
compatible serial bus interface, AD781x
models implement an on-chip serial pe-
ripheral interface (SPI) that’s compati-
ble with other interfaces such as the
queued SPI(QSPI) and Micro-Wire.
These converters are also designed
for low-voltage, battery-powered
| portable applications, where low
power consumption is a key require-
ment. Both the AD741x and AD781x
families operate from a single 2.7- to
5.5-V supply, and come with an on-chip
voltage reference of 2.5 V +1%. Fur-
ther power conservation techniques
include automatic Power-Down and
Sleep modes. For instance, the auto-
matic Power-Down enables AD781x
members to consume only 60 uW at a
throughput of 1 ksamples/s. And, in
the Shut-Down mode, the ADCs typi-
cally consume only about 2 uW.
Analog Devices’ Mike Britchfield,
marketing manager for general-pur-
pose converters, calls the 741x and
781x ADCs “complete digital-temper-
ature-sensor and thermal-monitoring
systems on a single chip.” On the hori-
zon. he adds, are 1.8-V versions. These
are driven by battery-powered appli-
cations, where the desire for cutting
| power consumption never fades.
Several packaging options are avail-
able for the devices. For example, the
AD7817 and AD7417 are encased in

narrow-body, 16-pin SOIC, as well as
TSSOP packages. The other family
members come in standard S-pin SOIC
and micro SOIC packages. In quantities
of 1000, the AD7416 and AD7816 are
each priced at $1.25. Likewise, AD7417
and AD7817 ADCs cost $3.50, and

AD7418/7818 each carry a price tag of

$2.75 each, all in 1000-piece quantities.
Integrating transducers with

ADCs on-chip, however, was pio-
neered by National Semiconductor,
with the release of their LM75. The
LLM75 is a temperature sensor with an |
on-chip 9-bit ADC, an I°C interface, a
comparator, and a MOSFET, and is
priced at $1.40 each in 1000-unit lots. |
Since then, National has expanded its
temperature-sensing portiolio to ad-
dress the diagnostic needs of micro-
processor-based systems. The latest |
addition is the [LM80, a system-moni-
toring device that checks tempera-
ture, voltage and fan speed.

Integrated ADCs

Another proponent of the SAR ar-
chitecture met with a fine-line CMOS
process for low-cost ADCs is Texas In-
struments (TI). Employing this strat-
egyv. T1 is pushing the performance en-
velope of 10-bit parts in smaller
packages and lower voltages, with on-
chip digital trimming and a variety of
flexible interfaces. 3

The company’s new 10-bit ADC |
chip, the TLV1572,is designed to work
with its 16-bit fixed-point
TMS320C2X X DSP family. This part

Companies Listed In This Article |

Analog Devices

One Technology Way 120 San Gabriel Dr. CIRCLE 537
Norwood, Mass 02062 Sunnyvale, (A 94086
{781) 937-1428 www.maxim-ic.com Signal Processing
www.analog.com CIRCLE 534 Technologies
CIRCLE 530 4755 Forge Rd.
Micro Linear Colorado Springs, €0 80907
Burr-Brown Corp. 2092 Concourse Dr. (719} 528-2300
6730S. Tucson Blvd. San Jose, (A 95131 www.spt.com
Tucson, AZ 85706 (408) 433-5200 CIRCLE 538
{800) 548-6132 www.microlinear.com
www_burr-brown.com CIRCLE 535 Sipex Corp.
CIRCLE 531 22 Linnel Circle

National Semiconductor

Crystal Semiconductor 2900 Semiconductor Dr. (978) 671-1907
42105S. Industrial Or. Santa Clara, CA 95052-809C CIRCLE 539
Austin, TX 78744 (800) 272-9959
(512)912-3736 www.national.com Texuos Instruments
www.crystal.com CIRCLE 536 Literature Response Center
CIRCLE 532 P0. Box 172228
Philips Semiconductors Denver, (0 80217
Exar Corp. 811 E. Arques Ave. (800) 477-8924, Ext.4500
48720 Kato Rd. PO. Box 3409 www.ti.com
Fremont, (A 94538 Sunnyvale, CA 94088-3409 CIRCLE 540
(510) 668-7000 (408) 991-2000
CIRCLE 533

Maxim Integrated Products

www.semiconductors.philips.com |

Billerica, MA 01821
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TECH INSIGHTS LOW-COST SYSTEM-LEVEL ADCs |

is tailored to provide a glueless serial
interface to-DSPs with minimum in-
terference, says Tony Chang, senior
systems engineer at TI. It gives the
user both dec and ac specifications at
lower voltages, he adds. Also, he con-
tinues, the TLV1572’s operation from
2.7to 5.5 V makes it suitable for both
3- and 5-V systems.

Like the others, the TLV1572 also
has an automatic Power-Down mode
to conserve power even further. It
provides high-speed serial conver-
sions at 1.25 Msamples/s for DSPs in
motor control, mass storage, and auto-
motive applications.

To utilize such a device efficiently,
the user must implement proper cir-
cuit layout, says Tom Lahutsky, new
product development manager for
data converters at TI. He adds, “It is
important to return digital current to
digital ground and analog current to
analog ground to reduce overall sys-
tem noise.” Concurrently, Lahutsky
says, TI is expanding this product
portfolio with a variety of speed op-
tions to give designers a choice of se-
lecting the right combination of reso-
lution and speed for their applications.
A 10-bit parallel ADC, the TLV1562, is
also in development, according to the
manufacturer. The TLV1572 is housed
in an 8-pin SOIC, and carries a price
tag of $4.20 each in lots of 1000.

Burr-Brown, Exar, and Sipex also
are breaking new ground in perfor-
mance. Recently, Burr-Brown re-
leased a family of 10-bit, 40- to 70-MHz
sampling ADC ICs with several user-
friendly options on-chip. Targeting
medical imaging, communications, and
video digitizing, the pipelined CMOS
ADS822/823/824 family offers options
like an internal/external reference, a
flexible input range of 2 or 1 V p-p, and
either a single-ended or differential in-
put for additional spurious perfor-
mance. And, it operates from a single
5-V supply. Furthermore, it employs
digital error correction to provide ex-
cellent differential linearity for de-
manding imaging applications.
Housed in a 28-lead SSOP, it starts at
$6.80 each in 1000-unit lots.

For battery operated systems like
PDAs, data loggers, and data-acquisi-
tion systems, Burr-Brown has crafted
four-channel 12-bit sampling ADCs.
These devices feature on-chip multi-
plexers and serial/parallel interfaces

and control. With up to a 200-kHz con-
version rate and single supply opera-
tion, the new ADS7841/7842 units typ-
ically consume 2mW at 5 V.

Exar’s engineers are exploiting a
time-interleaved SAR architecture
and a 0.6-um CMOS process for their
ADCs. This technique allows them to
integrate system-level 10-bit solution
with a 40-Msample/s conversion rate.
It also offers improvements in dynamic
performance to serve applications in
video and medical ultrasound imaging.

A-X Converters

While many firms are exploiting the
benefits of SAR architectures and
CMOS processes, Maxim Integrated
Products and Crystal Semiconductor
Products, a Division of Cirrus Logic,
are pushing higher-resolution convert-
ers, based on a A-X architecture, to new
low-price points. Only a few years ago,
16-bit and beyond resolution A-X ADCs
would have been classified as special-
ized converters for high-end use. As a
result, they were priced much higher.
That scenario is rapidly changing. To-
day, these companies are touting parts
under $5, in volume production.

Using the A-Z technique and finer-
line CMOS processing, Maxim is
readying a family of highly integrated
12- and 16-bit ADCs optimized for sen-
sor applications. The MAX1400 units
are expected to be priced under $5,
when they go into volume production
next quarter.

In the works is a 12-bit ADC solu-
tion, the MAX1457. Aimed at piezore-
sistive pressure transducers, strain
gauges, and accelerometers, the
MAX1457 combines front-end signal-
conditioning circuitry and digital trim-
ming with a 12-bit ADC, a serial EEP-
ROM interface, and an uncommitted
op amp on the same chip. This design
simplifies the job of calibrating and

correcting the sensor’s output signals |

(Fig.2). According to Maxim, the
MAX1457 is tailored to provide an ac-
curate ratiometric output with a mini-
mum number of external components.

To achieve an accuracy within 0.1%
of a sensor’s repeatable errors, the
MAX145T7 incorporates 16-bit digital
trimming. This method compensates for
temperature errors by adjusting the off-
set, the full-scale output, the offset tem-
perature coefficient, the full-scale out-

Current Bias
source MAX 1457 generator
Oscillator
Prmfinmahlo-
gain
amnllﬁV
|1
y
A=1
12-bit ADC I |
P I T >
g 166 | yomt | DaC ol L
5 DAC offset
hscale | ofsel | temperatue | gonarune | PO | L i
soial N coeficient | oo | ey
EEPROM y A
interface >_
Vop i f
Op amp
l—'+

2, Maxim’s MAX1457 is a 12-bit, A-X ADC optimized for digitizing sensor signals accurately. It
uses fivel6-bit DACs for digital trimming and compensating temperature errors. The calibration
and compensation coefficients are stored in an external EEPROM.
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The industry-leading
Fluke 80 Series III digital
multimeters just got better.

Since their introduction, Fluke 80

Series digital multimeters (DMMs)

have led the industry in versatile

performance, accuracy, and rugged

durability. Now the new Fluke 80

Series Il DMMs push that lead even

further. With a host of new features

that increase accuracy, improve
safety, and make the new 80 Series
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put temperature coefficient, and the
full-scale output nonlinearity of silicon
sensors. Maxim says that the on-chip op
amp can be used to increase the overall
circuit gain, facilitating the implementa-
tion of a two-wire, 4 to 20 mA transmit-
ter. The device accepts sensor outputs
from 5 mV/V to 30 mV/V. The on-board
serial interface is compatible with the
Micro-Wire interface, and links directly
toan external EEPROM. All calibration
and compensation coefficients are
stored in the external EEPROM.

The MAX1457 integrates three tra-
ditional sensor manufacturing opera-
tions into one automated process,
thereby simplifying the development
and manufacture of sensor products,
says Ali J. Rastegar, Maxim’s director
of IC development. For example, he
adds, prior to this development, the
user had to first pretest the trans-
ducer, then perform calibration and
compensation steps separately. And,
finally, it must be retested again for
data verification. The MAX 1457 auto-
mates the calibration and compensa-
tion process to save the designer time
and money, notes Rastegar. “For the
first time, a designer can see the true
performance of the sensor,” he asserts.

Another A-X version in the works is
the MAX1460, a true 16-bit ADC for
low-voltage and low-power designs,
according to Ali Foughi, Maxim’s di-
rector of product development and de-
finition. Designed to operate from
voltages down to 2.4 V, the MAX1460
consumes less than 400 uA when fully
operational. It will last on a lithium
battery for 10 years, states Foughi. A
similar device, with 128 bits of EEP-
ROM on-chip, the MAX 1458, also is
coming down the line from Maxim.

Slated for release in the second
quarter, the MAX1457 comes in a 28-
pin small-outline package, and a 32-
lead TQFP. The other MAX1400 de-
vices are also planned for release in
the next quarter. The MAX1400 fam-
ily is the result of Maxim’s acquisition
of MCA Inc. last year.

Integrating the right mix of periph-
erals and functions to achieve the
right price-performance ratio requires
a good understanding of the applica-
tion needs, says Mike Paquette, Crys-
tal Semiconductor’s director of mar-
keting for data acquisition. “Each
application has a unique require-
ment,” he adds. Also, Paquette contin-

ues, maintaining the level of perfor-
mance at low voltages is a real chal-
lenge in the analog world.

Combining this approach with ad-
vances in 0.6-pm CMOS processing,
Crystal has successfully crafted an in-
expensive A-I 16-bit ADC, the
CS85529. Offering single-conversion
settling time, this programmable 16-bit
converter can handle negative input
signals. Made possible by the design,
the CS5529 allows two modes of opera-
tion: a single 5-V supply or dual +2.5-V
supplies. The on-board charge pump al-
lows the use of low-level signals, ac-
cording to the manufacturer. In addi-
tion, it integrates a 6-bit latch output on
the same die. That setup allows control
of two analog, and up to four digital de-
vices such as switches, multiplexers,
and references without extra isolation
cost. The CS5529 also uses a three-wire
serial interface that is compatible with
the SPI and Micro-Wire interfaces.

Other on-chip features of the
CS5529 include self- and system-cali-
bration circuitry, programmable out-
put word rates, and power consump-
tion of only 2.5 mW. The part minimizes
power consumption by running the
analog circuits at 5 V and digital func-
tions at 3 V, according to Paquette.

The CS5529 is housed in 20-pin plas-
tic DIP and SSOP packages, and is
priced at $3.80 each in lots of 1000. An
evaluation board with the system
schematic is also available to designers.

Based on a similar design methodol-
ogy and process technology, Crystal’s
24-bit family with an on-board multi-
plexer is also forthcoming. There are
three different flavors with a similar
digital interface, the CS5522, 5524,
and 5528, for two, four, and eight chan-
nels of multiplexing, respectively. All
of the devices will be made available in
pin-to-pin-compatible packages, en-
abling the designer to go easily from
one part to another as application re-
quirements change. However, initially,
24-bit models may be twice as expen-
sive as the CS 5529s,

Also driving 16-bit A-Z ADCs to the
commodity line is Analog Devices.
The company is preparing complete
16-bit programmable analog front
ends for low-frequency measure-
ments. The AD7705/06 are two- and
three-channel solutions, respectively,
that accept low-level signals directly
from a transducer to provide 16 bits of

serial data with no missing code. Oper-
ating from a single 2.7-t03.3-V or 4.57-
to 5.5-V supply, the AD7705/06 ADCs
consume less than 450 nA at 3 V. Pack-
aging options include 16-pin DIPs,
SOICs, or TSSOPs.

8-Bit Video

For many video and imaging appli-
cations, 8-bit ADCs continue to domi-
nate the scene. Suppliers continue to
drive the sampling frequencies of
these ADCs. They also continue to
push their ADCs’ dc and ac character-
istics to higher levels, while achieving
excellent dynamic performance and
lower power consumption from a
smaller package. However, for appli-
cations that demand better than 8-bit
resolution, ADC manufacturers de-
liver 10- and 12-bit solutions, but com-
promise on speed. Additionally, the
cost seems to rise with the resolution.

National Semiconductor’s just re-
leased the 8-bit ADC1175, pipelined
video ADC. Sampling at 20 MHz, it
consumes only 55 mW from a 5-V sup-
ply. Available in 24-pin SOIC or
TSSOP packages, it carries a price tag
of $2.80, in lots of 1000.

For those applications requiring 12-
bit solutions, National has unveiled
the pipelined subranging ADC12081
and ADC12181, running at 5 and 10
MHz, respectively. The 12-bit answers
cost much more—the ADC12081 in a
32-lead TQF'P is priced at $9.55, while
the ADC12181 costs $10.95. Both
prices are for 1000-piece quantities.

Other major contenders in the low-
cost video-ADC race include Signal
Processing Technologies (SPT), Micro
Linear, and Philips Semiconductors.
Philips, in fact, has driven the sam-
pling rate of its 8-bit devices to 80
MHz. And, SPT has taken the wraps
off a 40-Msample/s 8-bit ADC with ex-
cellent dynamic performance. Operat-
ing on a single 5-V supply, the
SPT7734 comes in a 28-lead SOIC and
a 32-lead TQFP. It sells for $3.95 in
quantities of 1000.

This drive toward higher integra-
tion and better performance is also
turning low-cost, single-chip ADCs
into data acquisition systems. These
new systems deliver total solutions re-
quiring minimal external components.
However, it is up to the user to pick
the right solution from the sea of low-
cost system level ADCs.
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Train ride to Pittsburgh.
Lost presentation.

New York taxi ride.
Lost four days of data.

Py Between turbulence and taxicabs, o ,.-"” <
: % the speed of modern life can ' Shallen by thrée year old

leave a hard drive full of bumps

and bruises. That’s why at Murata,

we’ve developed advanced sensors that protect user

data from corruption and destruction caused by

external shocks and vibration. Our pioneering

piezoelectric technology has enabled us to meet

the needs of both today’s and tomorrow’s

designs. Of course, our success is due not only
to our technological leadership.

Since life is motion, we ve made sure
what could be lost forever will always be found.

Rather, it is the result of our ability to work with our

customers, including the industry’s leading disk

drive manufacturers. Together, we’ve created

sensors for everything from laptop hard drives to

automobile safety systems. And with our experience >

and expertise, we’re sure to create the perfect sensor | — . .
for your next design. For more information, call ‘ mnovator in Flectronics
1-800-831-9172 or visit www.murata.com.

Lost the hext day’s meeting notes.
|
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NEC ENTERS FLASH MEMORY MARKET WITH 8Mb DEVICE.

Flash memories are the fastest- PDAs and networking products.
growing segment of the memory The new 8Mb flash memories
market and NEC is launching a feature a single 3V power supply.
major drive into the field. The first They have a boot-block organi-
NEC offerings are 8Mb devices for zation with x8-bit or x8/16-bit
cellular phones, digital still cameras,  output. Designed for speed, they

offer 120ns (max) access time and
over 100,000 program/erase cycles.
Packages are a 40-pin TSOP 1 for
the x8 device, and a 48-pin TSOP 1
for the x8/16 device.

NEC is a world leader in mem-

For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490.

THE NETHERLANDS Tel:040-445-845. Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Te!:1-3067-5800.
Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541.Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290.
HONG KONG Tel:2886-9318.Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451
SINGAPORE Tel:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax03-8878014. JAPAN Tel:03-3454-1111.Fax:03-3798-6059.

On the Internet at http://www.ic.nec.co.jp/index_e.html



ory technology and production.
The move into flash memories is
significant because the company
has a proven record of becoming a
high-quality, high-volume player in
the markets it enters. Large-capacity

flash memories for file applications product introductions that NEC
are the next in a long series of plans for flash memory users.

Supply voltage Access time Package

Capacity device Data width

PD29F008L x8 bits 2.7V~3.6V 120ns 40-pin TSOP 1

8M bits

PD29F800L x8/16 bits 2.7V~3.6V 120ns 48-pin TSOP 1

just imagine N EC
NEC MULTIMEDIA
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BECAUSE POWER IS NOTHING
WITHOUT CONTROL.

Kepco’s 2-Quadrant
Programmable Power Supplies.
. Series MAT: 360,720,1080 Watts.

Linear control for quiet precision.

No matter what storms or traffic jums you face, Kepco's MAT
power supplies are predictable and solid in an unpredictable,
volatile world. Kepco Series MAT are precision plug-in d-c power
supplies fitted with internal programmable relays to control the
output and polarity. Addressed with Kepco's single address,

multiple instrument communications bus, a single GPIB
controller can interface up to 27 separate power supplies

on a full talk-listen basis. VXI and PC control too.

® System oriented for multiple power rails

. * Voltage stabilization: 0.001% source effect, 0.002% load effect [
w_' * Current stabilization: 0.005% source effedt, 3 mA load effect .

C E * Long renge control (300 meters)

Model MAT 1540 __

5.-YEAR
WARRANTY

Model MAT100-10 ' o — Model MAT 15-20

Kepco Series MAT offer a good selection of outputs for the work
you have to do in any kind of weather.

AN ISO 9001 COMPANY

& KEPCO

“"’ THE POWER SUPPLIER ™
SINCE 1946

For more information about Series MAT, call Tom Fischer at
718 461-7006 ext. 5133 or e-mail him at thischer@kepcopower.com

Kepco, Inc., HQ / Eastern Region: Dept. PDF-05 -

131-38 Sanford Avenue, Flushing, NY 11352 USA
Tel: (718) 461-7000 - Fax: (718) 767-1102 - E-Mail: hgq@kepcopower.com + URL: http://www.kepcopower.com/mat.htm

Western Region: 800 West Airport Freeway, Suite 320, LB 6018, Irving, TX 75062 USA
Tel: (972) 579-7746 « Fax: (972) 579-4608 « E-Mail: kepcotx@aol.com
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TECH INSIGHTS

TECHNOLOGY PERSPECTIVE

The Next-Generation System
Power Management

Part I1 Of A Three-Part Series On The Mobile Power Initiative Focuses
On The Advanced Configuration And Power Interface.

NEIL W. SONGER, Intel Corp., 2200 Mission College Blvd., MS SC9-15, Santa Clara, CA 95054; (408) 765-5991.

n the first article of the series “Note-
I book Computer Makers Address

Power Challenges” (ELECTRONIC DE-
SIGN, DEC. 15,1997, P. 44), the historical
trends concerning power were re-
viewed. Basically, the power dissipated
in mobile-PC interiors has increased by
90% from 1994 to 1997. If the current
mobile-PC power trends continue, the
power will increase another 85% from
1997 to 1999. In comparison, battery ca-
pacity is projected to increase around
45% during the same time period.

If nothing is done to address rising
platform power, batteries would have
to be even larger to keep the same bat-
tery life we enjoy today. These power
trends are making mobile-PC design
more difficult, and requiring a system-
level approach to solving these issues.

To address this problem, Intel Corp.
has launched the Mobile Power Initia-
tive. It is a cooperative program that
unites PC industry leaders in address-
ing all of the areas that impact mobile-
PC system power: the hardware (cov-
ered in the first article), the system
power management (covered in this ar-
ticle), and application software (cov-
ered in a future article).

A Historical Perspective

One of the first real breakthroughs
in mobile power management occurred
in 1989 with the introduction of Intel’s
SL technology (first seen on the 386SL,
and still included in all of today’s Intel
Pentium processors with MMX tech-
nology). This technology created a new
mode for the CPU called System Man-
agement Mode (SMM). SMM allows
embedded code within the BIOS to
slow down, suspend, or shut down part
or all of the system platform, and even
the CPU itself, thereby preserving and
extending battery life.

At a system level, there are timers

for every hardware device that needs
to be power managed. These timers
keep track of how long it has been since
the device was last accessed. When this
timer reaches a preset time (usually
configured by the BIOS) the device is
power managed (put into a lower
power state). This technology worked
very well in its time, but as systems be-
came more complex, the timers would
need to be programmed based on what
was happening at the system level.
This lead to the next advance in system
power management.

In 1991, Intel and Microsoft intro-
duced Advanced Power Management
(APM) as a means of integrating the
operating system (OS) into the power

low communication between the OS
and the SL power management (PM)
code embedded within the BIOS. APM
creates an interface between the OS
and the BIOS. When APM was first in-
troduced, it contained interfaces to ad-
dress all of the known problems with
timer based power management. Un-
fortunately, as systems continued to
evolve, new interfaces became neces-
sary to handle the changing hardware.
It soon became apparent that the in-
dustry would need to either continually
update these interfaces, adding cost,
complexity, and backward compatibility
issues to both the BIOS and the OS, or
find another mechanism to advance sys-
tem-level PM. To address this, a more

]

management loop. This was done to al- | general control of PM was required.
s 08-
Applications dependent
application
! APIs
Kernel ie—e{  OSPM system code
£ A 08-specific
Device ACPI driver/ oot
driver AML interpreter i hf ""““z::’em
SR 8 0 U S AT o SR R TR (e SRETR-
- gy Mt
s ACP1 BIOS technologies, 1
aerace : interface intertaces, code, !
CMOS, PIC, and hardware |
PITs, etc. ;
ACP! BIOS ACP! tables :
1
---------- \ D
Plaform hardware BIOS
[ ACPI specification covers this area
[ 08-specific technology, not part of ACPI
[ Hardware-/platform-specific technology, not part of ACPI

1. Brood in scope, the Advanced Configuration and Power Interface (ACPI) specification is geared
toward control of three basic functions: platform power management, device power

management, and platform configuration.
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TECH INSIGHTS SYSTEM POWER MANAGEMENT |

CPU into alower-power state) on an In-
tel-processor-based PC. C2 is a power
state that provides more power savings
over C1 with increased latency to enter
and exit. The OS uses the C2 latency in-
formation provided in the ACPI tables
to determine when C2 should be used
instead of C1. C3 also is a lower-power
state with increased latency. The OS,
again, uses the C3 latency from the
ACPI tables to determine when C3 can
be used instead of C2.

The most dramatic benefits of ACPI
will come from the OS’ ability to dy-
namically and intelligently enter the
most aggressive C state possible based
on the current system usage. The abil-
ity to use C states as part of the System
Working state (G0) was never possible
before ACPI. Past PM architectures
used the C states only when the CPU
was idle or in System Sleeping states.
ACPI C states can be used much more
frequently.

The next global state is the G1 or
System Sleep state. You will notice that
this state is broken into four separate
circles S1 through S4. S1is defined asa
low-latency sleeping state, where no
system context is lost. In legacy terms,
this sleeping state is comparable to a
Power On Suspend.

S2 also is a low-latency sleeping
state, but here the CPU and system
cache context is lost. The OS is respon-
sible for maintaining this information.
Comparing it to legacy systems, S2is a
hybrid of the Power On Suspend state
in which the CPU and cache are shut
down to save more power.

A low-latency sleeping state, S3 loses
all system context except for system
memory. The OS and device drivers are
responsible for restoring all of the device
context except for what is in the chip set
and memory, which is the hardware’s re-
sponsibility. S3 is similar to legacy Sus-
pend to RAM. $4 is the lowest-power,
longest wake-up latency sleeping state
supported by ACPI. To achieve the low-
est possible power, it is assumed that all
the devices have been powered off. S4 is
similar to Suspend to Disk.

The G2/S5 state is Soft Off. The im-
portant difference about this state is that
it is not a system sleeping state (i.e.: no
device context is saved). From a hard-
ware standpoint, the G2/S5 and $4 states
could be identical. The difference being
that when the S4 state is exited the sys-
tem resumes, and when the G2/S5 state

is exited the system does a full boot.

The last global state, G3 or Mechani-
cal Off, is a state where no electrical
current is running through the cir-
cuitry. This state is required to ensure a
safe state in which the machine can be
safely maintained/or and repaired.

The ACPI specification supports
motherboard devices and other devices
not covered by any bus PM specifica-
tions or device-class PM specifications.
ACPI implementation allows the sys-
tem designer to concentrate on provid-
ing hardware and software support for
these nonstandard or value-added ma-
chine features. Only system-board-spe-
cific value-added functions need to be
described through ACPL. For example,
the PCI bus is defined by the PCI bus-
class specification, and is natively enu-
merated by the operating systems PCI
bus driver. Therefore, unless there are
unique power or configuration fune-
tions associated with a specific device
on the PCI bus, the PCI bus driver can
handle both the configuration and PM
of any PCI devices.

ACPI, through the use of the ACPI
name space, along with OEM-provided
control methods, is meant to be flexible
and extensible enough to grow and
adapt with the PC in the future.

End-User Benefit

With ACPI, the end-user benefit is
closely related to the goals of the in-
stantly available PC concept. From the
computer user perspective, the PC is off
and quiet when not in use, and returns to
fully operating capability when needed.
Many system components, including
hardware and software, must contribute
in order to obtain the desired system op-
eration. Consistent and reliable behavior
can only be achieved through OSPM,
which can control the power policy and
coordination across a wide-range of com-
puter types (server, desktop, mobile PC,
and network computer).

To achieve the desired operation,
software components such as applica-
tions, drivers, and firmware (BIOS) are
all affected. As an example, when the
user pushes the Power button at the
end of the day on an ACPI-compliant
system, it will enter an S3 (Suspend to
RAM) or S4 (Suspend to Disk) state.
The next morning, when the user
comes into work and presses the Power
button, the system will resume (~ 3to 5
s for S3 and ~ 10 to 15 s for S4) instead

of rebooting (~ 1to 2 min).

Other benefits the user will see are
smarter PM and improved battery life
for mobile PCs. With ACPI, mobile
users will no longer have their systems
prevented from entering low-power
system-sleeping states because they
had enabled a screen saver. ACPI will
also address the other extreme: the
system performing a PM feature when
it is not appropriate. A good example
can be found today, when giving a pre-
sentation on a mobile computer the
screen will blank if a key has not been
pressed within a certain time. This type
of issue will no longer be a problem
with ACPL.

The PnP aspects of ACPI also will
benefit end users. It won’t make config-
uration errors disappear, but it should
prevent days and/or nights of unsuc-
cessful computer upgrades.

Availability

ACPI support is required as part of
PC98 compliance in April 1998. Systems
will begin featuring hardware support
for ACPI as early as January 1998, with
provisions for BIOS upgrades when
Windows 98 or NT 5.0 testing has been
completed. According to Microsoft,
Windows 98 is currently scheduled for
release in the first half of 1998, and NT
5.01in the second half of 1998,

Intel, Microsoft, and the major
BIOS vendors are all providing sup-
port for OEM’s to ensure there will be
no hardware road blocks to the release
of ACPI-compliant systems. Intel, Mi-
crosoft, and Toshiba, to help speed de-
velopment of ACPI-compliant sys-
tems, have hosted ACPI
Implementation Workshops. Microsoft
is providing a Hardware Compatibility
Test that checks for ACPI hardware
compatibility. Intel provides three tools
focusing on testing system power with
different levels of accuracy: Intel
Power Monitor, Intel Power Manage-
ment Analysis Tool, and Intel Power
Analyst. For more information on
these tools and the Intel Mobile Power
Initiative please visit kttp:/developer.
intel.com/design/mobile/intelpower.

Neil W, Songeris a senior system ar-
chitect at the Intel Mobile and Hand-
held Product Group. Previously, he
worked at IBM as a system designer.
Songer holds a BSEE from the Georgia
Institute of Technology.
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PRODUCT FEATURE

Embedded Battery Identification Chip
Supplies Real-Time Data To Controller

quisition system on a chip. The

battery ID device, which collects
battery information in real time, sup-
plies all of the battery data needed by
a host system to ensure that the bat-
tery doesn’t overcharge or discharge.
Developed by Dallas Semiconductor,
the chip can be embedded in the bat-
tery pack, where it senses tempera-
ture, voltage, current, and charge go-
ing in or going out, and then supplies
that information in real time to the
battery controller.

The circuit provides 40 bytes of
EEPROM nonvolatile storage that
can be used to hold critical safety and
performance data such as chemistry,
capacity, and manufacturer. With this
information, the battery controller can
optimize the battery system for multi-
ple chemistries, suppliers, capacities,
and usage history.

The DS2437 thus serves as a mini
data-acquisition system, acquiring op-
erating and condition data from the

T he DS2437 is a complete data-ac-

battery pack. Temperature is mea-
sured by a direct-to-digital tempera-
ture sensor that eliminates the need
for thermistors in the battery pack.
The ability to measure temperature
over a —55 to +125°C in 0.03125°C in-
crements allows the host to confirm
safe charge conditions and determine
the charge cut-off point.

An on-chip analog-to-digital con-
verter measures battery voltage and
current, allowing the system to make
end-of-charge and end-of-discharge
determinations. An integrated cur-
rent accumulator provides a gas-
gauge function by keeping a running
total of all current going into and out of
the battery. Also on-board is a crystal-
controlled oscillator, which supplies
real-time functions such as elapsed
time and time-of-day.

Information between the host mi-
croprocessor and the chip is sent over
a one-wire interface (plus ground)
that minimizes the number of connec-
tions required between the host and

! the battery pack. As a result, with the
; addition of a power-supply pin, just
E three connections to the host are re-
' quired to provide the complete inter-
! face. The chip can operate with an ex-
ternal supply that spans 2.7to 10 V
and consumes less than 50 pA typical
on standby, and just 250 pA typical
when active (maximum currents of 0.1
and 1 mA, respectively).

The DS2437 isn't linked to any one
battery chemistry and can thus be
used with NiCd, NiMH, sealed lead
acid, rechargeable alkaline man-
ganese, lithium ion, and lithium poly-
mer, as well as other chemistries. Ap-
plications for the chip span a wide
range of end products—cellular
phones, PCs, PDAs, handheld instru-
ments, portable power tools, enter-
tainment electronics, ete.

In lots of 10,000 units the DS2437
sells for $3.95 apiece and is available
from stock.

Dallas Semiconductor Corp.

4401 S. Beltwood Pkwy.

Dallas, TX 75244

Don Dias, (972) 371-4415

www.dalsemi.com

CIRCLE 461
DAVE BURSKY

0.027-In.-Thick Touchpad Sensor
Combines Pen Input With Mouse Functions

signed by Interlink Electronies
supports pen input for handwrit-
ing recognition applications, as well as
signature verification on PCs, key-
boards, cell phones, two-way pagers,
and other handheld equipment. At
just 0.027 in. thick, the sensor is
claimed to be the thinnest device in its
class. VersaPad also provides tradi-
tional mouse control functionality.
Handwriting recognition is a key
application for the sensor. Adding the
unit to a notebook PC, for example,
can help redefine the role of the PC’s
input device to include pen applica-
tions (e.g.,text character capture). The
company has enlisted the support of
Communication Intelligence Corp.,
Redwood Shores, Calif., to integrate
its handwriting recognition software
with the VersaPad sensor.
Signature capture and verification
are both supported by the sensor as

T he VersaPad touchpad sensor de-

well. Interlink has partnered with
PenOP Inc., New York, N.Y. to com-
bine use of that vendor’s CyberSIGN
signature-capture software with the
VersaPad sensor.

VersaPad’s software, called Versa-
Point, incorporates the WinTab inter-
face for connecting graphics tablets to
PCs. VersaPoint includes features
such as graphics eapture, which allows
users to paste hand-drawn graphies
into their application.

Two standard sizes are available:
25.5 mm by 25.5 mm (active area) for
cell phones and two-way pagers, and
55.5 mm by 89.5 mm (active area) for
notebook PCs and keyboards. For cus-
tom applications, the sensor is scaled
to meet the requirements of most pen
applications. To minimize thickness,
VersaPad’s electronics needn’t be part
of the module. The 0.7-mm touchpad
can be mounted directly onto a device
and connected via the pad’s integrated

! tail to the remote electronics.

i Both fingertip and stylus input
i modes are supported, with optimal
' touchpad resolution of 1000 lines/axis.
! VersaPad firmware supports 200
! counts/inch. Hardware interfaces in-
| clude PS/2, RS-232, and custom types.
E Using the suggested support cir-
! cuitry design, power consumption
' ranges from 2 to 5 mA during use. Af-
' ter about two seconds of non-use, the
» sensor slips into a sleep mode that con-
! sumes 0.1 pA VersaPad automatically
E wakes up upon sensing touch and im-
! mediately starts transmitting data
' again. The sensor resists moisture,
' harsh chemicals, ESD, and EMI, and
E has a tested lifetime of five million
1 strokes (118 miles of pen input).

' The OEM Sample Kit includes
| everything necessary to test and inte-
! grate the sensor. The kit sells for $150.
. Interlink Electronics Inc.

1 546 Flynn Rd.

' Camarillo, CA 93012

' (805) 484-8855

' www.interlinkelec.com.

i CIRCLE 462
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Wherever there's

coding and de-coding, )

there's low
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In the city, Echo-Echo
is making every phone conversation
sound like heavy metal in a trash can...

...and frequency inte
is creating cros

b

ower

EC™

THE CANCELLER™

and anybody else
who gets in the
way of design
completion.

for the fate of his new
communications system,
the mayor looks to a Super Designer
for a WLL solution.

god of communications, sees
everything's compatible. Or else...

UKR-00000000-
ULG-UMP-SLURP-
SLURP-SLURP!
Ha-Ha-Ha

4 ’
= g ;- \
...Pow R. Waster is sucking up
60 much energy he could be
arrested for assault on
a battery...

A

Thrown everything
at 'em and they're still
coming! Well, being a Super
Designer means having
Super Friends.

eliminates distortion

ts, POWER SAW™



Hey guys!
The OKI Support Call.
Let's go.

: Get a whiff of this GaAs!
Pow. R. Waster's mine. Hey Waster. [ = LY That oughta stop you "freqs”
My 3V's outlasting your 5! How's = from mixing it up and
that for a CODEC moment! making cross-talk.

And, a fast way
to reach them!

Cancel me this, Echo-Echo.

What's so quiet you can't hear it?
You!

My 55ms does it every time... AR

You're outta my WLL! ;

GULPIl! Hope he's
not thinking of
running for mayor!

Capt. CODEC says,
"Visit our OKI| Website
to get my Capt. CODEC
T-shirt. It's free for Super
Designers like you." £

0Kl ComiCs™ is
brought to you by
0Kl Semiconductor.
Super solutions for all

your wired and wireless
communications designs—
Echo Cancellers, CODECS,
SAW filters, GaAs amplifiers
and mixers, 8-port MACs, ASICs
and more. OKI—your one-stop
Com (munication) IC source.

%> Oki Semiconductor

©1997 0K Sewiconduetor, 785 North Mary Avenue, Sunnyvale, CA 94086-2909. Phone: 408-720-1900. Fax: 408-720-1918
All rights reserved. All trademarks or registered fradewmarks are properties of their respective owners.
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CKLOOK

PCl And CompactPCl Chase ISA Out Of Industrial Computers

board computer (SBC)/CPU boards used in ruggedi-
zed/industrial PCs worldwide are predicted to undergo
an enormous shift in the near future, thanks to the increas-
ingly rigorous demands of today’s industrial workplace. It
won't be long before the traditional leading architectures

Primary bus architectures for passive-backplane single-

like ISA and PCI/ISA take a gy qqedized PC Workstation Passive Backplane
SBC/CPU Board Shipments Worldwide

back seat. Relative newcomers
such as CompactPCI and PCI
will become dominant, according
to a recently released market

report, “The Worldwide Mar-
ﬂ PCI
:

ket for Ruggedized/Industrial
o s

2001 Forecast: $279 million

Personal Computers/Work-
stations, Third Edition,” by
Venture Development Cor-
poration, Natick, Mass.
Adoption of PCI/ISA por-
tends a move away from
“ISA-only” architec-
ture. The emergence of
PCI and CompactPCI
for exclusive use in
the near future will
unquestionably has-
ten the death of the
ISA market. When
Intel proposed the Peripheral Component Interconnect
(PCI) bus scheme in 1992, the company intended it to be
used for motherboard connections between CPUs and
high-speed peripherals. However, PCI quickly evolved into
an add-in card-connection bus scheme. It continues to
transform, with at least six PCI variations available, and
more planned. The report predicts that PCI's existing mar-
ket share of 15.9% for passive-backplane SBC/CPU boards
in industrial PCs will expand to more than one-third by
2001. PCI’s success in the marketplace is a direct result of
the careful balance between performance and flexibility.
The bus offers a 32-bit pathway, which runs at a clock rate
of 33 MHz. This pathway provides a 132 Mbytes/s peak-
burst bandwidth. The bus is processor-independent, allow-
ing it to work with any CPU or peripheral. The bus also is
extensible. Revision 2.1 of the PCI specification includes
definitions for 64-bit PCI and 66-MHz clock options. All

PPN
s

L7

' these features account for a comparatively higher speed

': and throughput. CompactPCI, the star architecture of the

' future, is forecast to more than quadruple its share of the

+ IPC/workstation market over the next four years. By 2001,

' it should own almost one-fifth of the world market for pas-

! sive backplane SBC/CPU boards used in industrial PCs.

CompactPCI  uses

standard Eurocard

mechanical compo-

nents and metric con-

nectors, providing a sys-

tem optimized for

rugged applications. In

addition, it is electrically

compatible with the

PCI specification 2.1 (33

MHz), allowing the use

of inexpensive PCl inte-

grated circuits and soft-

ware. A majority of the

end users surveyed in

the report mentioned

reliability as a crucial

factor in the selection of

a ruggedized computer.

This is where Compact-

PCI has taken the lead

over PCIL. CompactPCI boards have connector and card

\ guides that firmly hold the boards in position. They also

E have a faceplace that features an injector/ejector mecha-

' nism. The boards can be solidly screwed into the card cage.

' Boards also can be mounted vertically, allowing for natural-

convection cooling, which is often assisted by forced-air

cooling. Most importantly, the pin-and-socket connector of

CompactPCI boards is considered to be more reliable than

the edge connector of the standard PCI boards. Meanwhile,
the writing is on the wall for ISA and PCU/ISA.

Dinender Sharma is a research director for Venture De-
velopment Corporation, a market research and consulting
firm, specializing in electronic technology. Sharma holds an
MMS in management studies from BITS, Pilani, India, and
an MBA from Northeastern University, Boston, Mass. He
! can be reached at (508) 653-9000, ext. 124 or by e-mail:
\ dsharma@vdec-corp.com.

, 1998
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IF YOU THOUGHT CHOOSING FROM
64 COLORS WAS FUN, YOU'RE GOING TO LOVE
OUR LINE OF JTAG-ISP CPLDs.

Options are nice. Of course. what's even better is
knowing that every one will make your life easier.

Which is exactly what you'll find with the MACH®

family of CPLDs from Vantis. The industry’s
widest selection of JTAG-ISP standard silicon.
Thanks to in-system programming. you can debug. test. and

program devices on-board. saving valuable time and effort in

— design. Even at the end of the board manufacturing process. changes
can be made by simply reprogramming the CPLDs through the
— edge connector. All of which makes manufacturing easier. And

time-to-market considerably shorter.

So go ahead and choose the Vantis silicon
you need. Because JTAG-ISP makes design easier.
And no other company provides more of it.

YVANTI §
1-888-826-8472  http://www.vantis.com AW amo comramy

©1997 Vantis Corporation. MACH 15 a registered trademark and Vantis and AMD are trademarks of Advanced Micro Devices. Inc. All other product names are the property of their respective holders.






o
o~
o~
-
o
x
i
o=
<t
=
~
=z
=
Wy
P41
=]
=
=
o
o=
1
—_
]

TECH INSIG/ Q CKLOOK

Cmrmrre—

what that means—time for Spring

Internet World 98. Held March 9-13
at the Los Angeles Convention Cen-
ter, Los Angeles, Calif., this confer-
ence is a great opportunity for Infor-
mation technology (IT) specialists to
get a jump on the competition. Over
200 workshops and sessions will be

It’s nearly Spring, and you know

focusing on coming technologies, ap-
plications, and issues dealing with to-
day’s and tomorrow’s Internet.

As with every Internet World
show from Mecklermedia, the Exhibit
Huall features the Internet World
Café, a fun place to take a coffee break
after walking the show floor for a few
hours. This Exhibit Hall also has a Mi-
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crosoft Partner Pavilion, Oracle Part-
ner Pavilion, Sun Microsystems/Java
Partner Pavilion, Novell Partner
Pavilion, IBM Show Network, and E-
mail Center.

Sometimes people only go to the
show just to see the keynote speak-
ers. In this case, the choices are
Lewis E. Platt, chairman/CEO/presi-
dent of Hewlett-Packard; Edward J.
Zander, president of Sun Microsys-
tems; Jerry Yang, co-founder of Ya-
hoo!; and Stewart Alsop, partner at
New Enterprise Associates, a ven-
ture capital firm.

Then, there are others, such as
vours truly, who prefer the Hands-On
Workshops. These training sessions
are limited to 30 participants, so re-
serve vour seats early. The following
workshops are given at Spring Inter-
net World: Webmaster HTML Fun-
damentals, Electronic Commerce
Fundamentals, Web System Admin-
istration, Internet Security and Fire-
wall Systems, Java Primer, Web
Scripting, and Java vs. ActiveX.

There also will be special TCP/IP
Technology Workshops at the confer-
ence. These PING-centered work-
shops, as are the others mentioned
above, are sponsored by Net Guru
Technologies. TCP/IP Infrastruc-
ture: Foundation for Enterprise Net-
works, UNIX and Windows NT In-
ternetworking, Managing Networks
Using SNMP, Web Server Perfor-
mance Analysis and Tuning, Routing
in Enterprise Networks, and Migrat-
ing to IPv6 will all take place from
Monday March 9 through Friday
March 13, at Spring Internet World.

The marketing specialists can all be
found at the Adweek Forum, a two-day
sales and marketing intensive blitz that
takes place on Monday and Tuesday,
March 9 and 10, respectively. Other
highlights include Java, Commerce,
and Security Day (Marech 9); the two-
day Internet News and Entertainment
Summit (sponsored by KPMG,
MSNBC, and internetnews.com); and
the Knowledge Management Forum.

The quickest way to register is via
the web: www.internet.com or e-mail:
siwreg98@mecklermedia.com, but
vou can call (800) 632-5537 or fax (203)
226-6976 for information, as well.

—DS




A FULL RANGE OF
MOTION CONTROL

Continuing our leading edge tradition of industry
standard motor drivers, the A3953 Full-Bridge Motor

Driver is our newest bipolar driver
“) solution. Rated at 50 V and 1.3 A,
the A3953 is ideal for driving
bipolar stepper motors
and DC motors.

I +1.3 A Continuous Output Current

M 50 V Qutput Voltage Rating

M3 Vto5.5VLogic Supply Voltage

B Internal PWM Current Control

@ Fast and Slow Current Decay Modes

@8 Sleep (Low Current Consumption) Mode
8 Crossover-Current and UVLO Protection
W Available in DIP and SOIC Packages

Dual Full-Bridge
PWM Motor Driver — A2919

The A2919SB and A2919SLB motor drivers are designed

to drive both windings of a bipolar stepper motor or bidirectionally control two
DC motors. Both bridges are capable of sustaining 45 V and include PWM
control of the output currents to 750 mA.

Visit Our * a
New Web Site

Complete information on many of the

procucts offered by Allegro are now right on uEE n
our web site. You'll find us on the World Wide ‘UEE B P
Wet at http.//www.allegromicro.com. ‘QEe»’

C A

116 N ortheastCutoff Worcester, Massachusetts 01615

http:

Full-Bridge PWM Motor Driver — A3953

The A3953 adds to our extensive line of
motor drivers. At Allegro, we’re dedicated
to serving the Motor Driver Market

by providing outstanding products,
pertormance, and innovation that enhance
your ability to design complete motion
control solutions.

Unipolar Stepper-Motor ‘
Translator/Driver — 5804 Bl >
Combining low-gower CMOS logic with high- \ .
current and h gh-voltage bipolar outputs, the
5804 BiMOS Il translator/driver provides
complete control and drive for a four-phase
unipolar stepper-motor.

The Clear Choice for Motion Control Design.
[ |
TM

M|croSyst=ms inc.

(5 0 8) ALLEGRO

// www. allegromicro. com
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who think that having access to e-
mail is a bad thing—even if it is
just as an option to avoid the high
cost of a long-distance phone call. The
problem is that for most people, hav-
ing access to e-mail means having to
purchase a computer. And, if you're a
professional who happens to travel, it
means having to lug around a heavy,
lap-top computer. But, thanks to Ul-
tradata, there is now another option.
The company has developed a
handheld, portable e-mail system
that allows the user to send and re-
ceive e-mail from any phone line in
the continental U.S. It does not re-
quire any prior computer knowledge
to operate, nor a computer. And, it re-
tails for just under $200, which along
with a monthly fee of about $10, gives
the user unlimited e-mail access.
Besides sending and receiving e-
mail, E@sy Mail, can also receive per-
sonalized information including stock
quotes, weather reports, horoscopes,

There probably aren’t many people

| E-Mail Goes Mainstream

lottery numbers, and sport scores. It
also operates as a multifunction orga-
nizer and appointment book, with its
own alarm system, as well as calen-
dar, calculator, fax, and clock .

The E@sy Mail portable e-mail, or-

ganizer, and information services de-
vice is targeted at the first time e-
mail user and those who don’t want to
be saddled with a portable computer
to access their e-mail.

It is very easy to operate, as easy
as using the phone. To send a mes-

sage, the user simply plugs the unit
into any regular RJ-11 connector.
With the press of a button the unit au-
tomatically dials a local access num-
ber to establish an Internet connec-
tion. The e-mail is then sent and
received within a matter of minutes.
At the same time, information or
other e-mail messages can be re-
ceived in much the same manner.

Its case measures just 7by 3 by 1
in., and weighs a mere 11 oz; making
it suitable for a briefcase, purse, or
even a pocket. When open, E@sy
Mail can either lie flat or be adjusted
by the user for optimal viewing of its
liquid-crystal display (LCD). An er-
gonomically designed keypad and
function keys, with the standard cur-
sor and functional shortcuts provide
simplified input access. The LCD is
can provide up to eight lines by 40
characters of text. It is powered by
three AA batteries and can run for up
to 20 hours.

For more information on the prod-
uct call 800-747-2605.

Cheryl Ajluni

Murrietta Circuits

... all your PCB needs

under

Murrietta

one roof!

ST
[rcuits

» Call for a quote!!

(714) 970-2430 Phone
(714) 970-2406 Fax
(714) 970-5015 Modem

ftp://ftp.murrietta.com
http://www.murrietta.com
email: sales@murrietta.com 4@

4761 E. Hunter Avenue, Anaheim, California 92807

ISO 9001 Registration Pending

® PADS PowerPCB

® Cooper-Chyan Router

® DFM (Design for Manufacturing)
® Analog & E.C.L., SMT

® [mpedance Control

® Matched Line Lengths

® Auto-Routing Services

® Quick - Turns

® Fast Quotes

® Prototype & Production

® PCMCIA and Backplanes

® R4, Polyimide, Getek, & Rogers

® Blind & Buried Via’s

® UL Approved & Bellcore Compliant

® Pick & Place SMT Assembly
® Fine Pitch

® Ball Grid Arrays

® Double-Sided

® Mixed Technology

® Fast Turnarounds

® Fast Quotes
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You wanted more, and we've got it

SI E M E N s Your designs demand more, so we're
providing more! We've expanded our
line of low-signal relays. New models
provide just the features you need for
application in telecommunications
equipment, computer peripherals,
security systems, office automation
and more. These relays offer:

¢ Through-hole and surface mount
termination options.

Our new low-signal o of ot o i
* Isolation meeting FCC Part 68 and

relays offer more - T,
of the features _

designs.
s

e Load carrying capability to 150W or
you need A=

250VA.

¢ Non-latching, single-coil latching
and dual-coil latching models.

¢ Ultra-sensitive coils.

¥

There's still more

Great product features are just the
beginning. You're assured of
consistent quality, as these relays
are produced on fully automated
lines. Of course, we support you
with the same level of service
you've come to expect from
Potter & Brumfield Products Division,
an 1SO9001/QS9000 registered
company that's been delivering
dependable, innovative switching
solutions for more than 60 years.

Contacts SPDT DPDT DPDT DPDT DPDT
Dim. 13x79%x6.9h | 14x9x5h |14.5x7.2x9.9h 20 x 9.8 x 12h|20.1 x 10 x 10.6h
(mm)

Contact 30w 30w 60W 60W 50-150W
Rating 60VA 62.5VA 62.5VA 125VA 250VA
Nominal 30-150mW | 100-200mW | 70-140mW 150-300mwW 75-360mwW
Coil Power 4= : ‘ 1

Terminals | Pinor SMD | Pin or SMD | Pin or SMD Pin ! Pin

Fax Doc. # | 8026 8106 ‘ 8079 8105 8042

Find out more...
From the U.S. or Canada, use a
touchtone phone and our automated
fax-response system. Simply dial
A @ 812.386.2561 and request the
= appropriate fax document number.
Or follow the prompts to speak with

TUV Rheinlend
of North Amerioa, Ina.

1SO 9001/QS-9000 0
Registered Company your sales representative.
Siemens Electromechanical Components, Inc.
200 S. Richtand Creek Drive
. . e Princeton, IN 47671-0001
Potter & Brumfield Products Division ey
Siemens Electromechanical Components, Inc. e-mail: info@sec.siemens.com
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TOUGH TIMING SPECS?
COMPLEX JITTER PROBLEMS?

The Solution: DTS 2075™

The Digital Time System DTS-2075 with the Virtual
Instrument VI™ Datacomm [ software is a one stop solution
for timing and jitter analysis. The DTS with its less than
+30 picosecond accuracy and §00 femtosecond resolution,
allows at-speed measurement of devices operating at 800
MHz. The graphical interface VI provides rapid analysis
of data and displays the results in an easy-to-see format.

FEATURES

* 3 ps noise floor

* 42 bits one range one shot
time measurement

= Arm on n® event tq'ISI,OOO events
for low frequency jitter modulation

* Easy interface to ATE

APPLICATIONS

« Jitter analysis of PLLs

* ATM/SONET/TELECOM clock
recovery devices

*« GENDAC devices

* Disc drive controllers
* Graphic/Video devices
* Pentium clock drivers
* RAMBUS

To find out more information on the product or
for a demo call WAVECREST at 1-800-733-7128.

. WAVECREST
W’%/ A Technologies Company
RINACTS www.wavecrestcorp.com

WAVECREST CORPORATION
Headquarters 7275 Bush Lake Road Edina, MN 55439
TEL: (612) 831-0030 FAX: (612) 831-4474

West Coast Office 1735 Technology Drive, Suite 400
Santa Jose, CA 95110
TEL: (408) 436-9000 FAX: (408) 436-9001

©1998 All trademarks are the property of their respective companies.
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Sometimes Grabby Is Good

or a while web casting and push technology were “the
F next big thing.” Then everyone got sick of having their

desktops flooded with information that they simply
didn’t use. Now, the trend is to take that information and
divide it up into usable segments, trashing all the inap-
propriate stuff in the process. But, the trick is to have
that task completely automated.

Cyber Vista, a company that specializes in Internet
and intranet information task management technology,
has defined specific software that will grab, as they put it,
online information exactly the way the user wishes. Data
Grabber, the information-collecting technology, goes out
to web sites, e-mail, online services, FTP sites, databases,
search engines, and third-party servers to pull the tech-
nology that’s been requested.

When the information has been collected, it is
processed, reformatted, and delivered to all kinds of envi-
ronments such as alpha- .
numeric pagers, fax ma- s o
chines, spreadsheets,
databases, web pages,
and many others. One
unique application for
the software is in PC-la-
bel printers. Recently,
Cyber Vista teamed
with Seiko Instruments
USA to incorporate
Data Grabber into
Seiko’s Smart Label
Printer products. Models 120, 220, and EZ30 (shown
here) will be the first label makers to use the task agents
to collect online information.

The companies decided that there was a definite need
for a label printer that could automatically verify ad-
dresses and other data before it printed the labels. Also
handy is the tool’s ability to collect air schedule options or
driving directions for package labels. The Data Grabber
task agents have been customized for Seiko’s label print-
ers application.

The Data Grabber Maximizer allows users to
strengthen their firewall security, automate existing ap-
plications (in the case of redundant tasks), retrieve e-mail
from multiple locations simultaneously, automatically up-
date and distribute software, and amongst a host of other
features, update credit reports.

Cyber Vista also has introduced a “lite” version of Data
Grabber, which is available as a free download from the
company’s home page: www.cybervista.com. Data Grab-
ber Player Lite comes with four task agents and a tutor-
ial. These task agents, like those in the label printer, have
been specially customized for the application. Users who
download Data Grabber Player Lite will be able to moni-
tor any web site for changes, track any five selected
stocks, demonstrate Windows APIs for technical users,
and retrieve and present the lowest air fares at specified
dates and times.

Contact Cyber Vista, 1650 Borel Pl., Suite 121, San Ma-
| teo, CA 94402; (650) 372-0800; fax (650) 372-5605; e-mail:
| sales@cybervista.com.—DS
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Micro Springs
1.65-12.55nH
Q up to 200, 1DC up to 1.2 A -3
Designer’s Kit C108 * &F
Mini Springs
25-430H
Qupto210,IDCupto3.0A
Designer’s Kit C102
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Midi Springs
22-120nH

Qupto 150, IDCupto 3.5A
Designers Kit C118

NEW §
[

Maxi Springs
90 - 558 nH
Qupto200,IDCupto3.5A
Designers Kit C119

We've stretched out line of
high Q air core “spring” inductors.

Our original air core “Spring” inductors gave you
the highest Qs in a tiny surface mount package.
Now we’ve added two new spring families
with the same exceptional Q factors but even
higher inductance values (up to 558 nH) and cur-
rent ratings {up to 3.5 A).
Both our new Midi and Maxi Springs have a

ORDER D“‘E% :

v 5 CST.
OVERN\GHT DE\.NERY\ CALLB

5% inductance tolerance and are built with a flat
top for reliable pick and place mounting.

Try out these high Q inductors by ordering
one of our handy Designer’s Kits.

Or get complete specifications at our web site,
through our Data-by-Fax system, or by calling
847-639-6400 for a catalog.

Cary IL 60013 800/322-2645 Fax 847/639-1469
WWWhiip/fwww.colooftcom  DINDARAX 800/651-6974
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Rock Solid

Noise
- Immunity

iy ¢ SGS-THOMSON ST62 micros deliver more performance in
: less space for less money. Even the core is optimized
for cost-effective operation.

That’s more than enough 1o make them a
hit. But when you add ESD protection and
legendary rock-solid noise immunity. our
ST62s sound almost oo good to be true MCUs.
) But they ‘re for real. All ST62s contain ROM
and RAM. All have an EPROM counterpart.
Some versions offer on-board EEPROM for calibration.
Each ST62 includes an 8-bit timer with 7-bit programmable

prescaler as well as multifunction. individually programmable
1/0 ports. Devices with high current capability to directly drive LEDs
or TRIACs, along with a wide range of peripherals such as ADC. PWM and
LCD drivers. SCI and SPI are also available. A wide voltage range allows the
ST62 to be powered directly from batiery or mains with minimum external
components. Plus what you’ll recognize as the industry’s most extensive
family of support tools.

So don't just string along with any old micros. Rock with the hottest
numbers in the industry. ST62. They just might make you a star. To find
out more fax 781-259-9442, or write SGS-THOMSON. 55 Old Bedford Rd.,
Lincoln, MA 01773. Visit our web site at http://www.st.com

S M $62 Save up to $62 on an ST62 Starter

Kit. Includes demo board,
ON AN EPROM samples, plus all the

ST62 hardware and software needed to

complete your design. Limited time

\]
STARTER K_[T offer. Fax or write now for details.

s

[STRe Bt

Bringing Microelectronics to Life™

1997 SGS-THOMSON Microelec:ronics. All rights reserved

For
More Info
Turn Page
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Features Are Free

t a meeting in Asia recently, I heard a mar-
Aketeer argue eloquently that electronic

products had entered the brave new age
where features are free. Of course, this is the age
that marketing people have been waiting for
since the first marketeer emerged from the caves
with a designer bone in his nose. He argued that
feature content was shifting from hardware to
software, and that software features add little to
unit cost. In fact, the unit cost of the system
changes so little when we add features that for all
practical purposes they are free. Well, as anyone
who has ever accepted a “free” kitten knows,
many things that are free actually carry with
them certain hidden costs. This is certainly true
of free features. As you may suspect, the true price we pay for a free feature
does not show up in unit’s manufactured cost. Instead, it typically shows up in
up in three other areas.

First, and probably most importantly, free features lengthen our develop-
ment programs, and on projects where a month of cycle time can be worth mil-
lions of dollars, this is hardly free. Most development projects are already a
full-time effort. When we add features, we add work, and work takes time.
Marketing needs more time to prepare the specification. Every feature has de-
tails, and the customer needs to help us resolve these details. We may decide to
add an item to a menu, but somebody needs to specify where it will go, how it
will work, and find out what the customers really want.

But this is only part of the work. Engineers will have to spend time imple-
menting this feature. Next, testers will write a test program for the feature.
Testing will reveal bugs that need to be corrected and retested. Ironically, the
testing burden of incremental features is usually enormous, because each in-
cremental feature raises system integration and test time geometrically. In
fact, for most companies, the biggest cycle-time impact usually comes from
added testing on the critical path of the program.

Say we decide to add a mouse in addition to the pull-down menus. Now,
most of the test cases in the test suite will need to be modified. New test cases
will have to be added. And, unlike the design of the feature, which we only do
once and pay for once, the testing burden will be paid every time we run the
test suite. Since this can occur tens of times during the design, we can pay a |
huge price in cycle time for testing our free features.

But, delay is not the only hidden cost of these free features. Along with de- |
lay comes the second hidden cost, an increase in development expenses. What '

DON REINERTSEN

looked like a free feature is actually absorbing marketing, engineering, and
testing resources that we may need desperately for another project.

The third hidden cost is the most subtle. While free features may not show
up in manufactured cost they may still show up in the cost to the consumer. I |
remember working with a computer supplier who decided to add a sophisti-
cated and complex security system on their system. Customers thought it was
nifty, but complaints came in from the sales force and the distribution channel.
The free feature had to be configured and explained to the customer. This
added time to the sale and reduced their productivity. Even free features need
to be communicated, demonstrated, and supported. ‘

Beware of the free feature. Make sure that every feature carries its own
weight. Even the most trivial enhancement may carry years of hidden costs.

Don Reinertsen is president of Reinertsen & Associates, u consulting firm
specializing in product development management. He can be reached at (310)
373-5332 or e-mail: DonReinertsen@compuserve.com.

help the engineer in his or her ca-

reer path, the Institute of Electri-
cal and Electronics Engineers
(IEEE) has now added another
useful tool to its cache. “Salary
Benchmarks: A Personal Work-
book,” allows electrical, electronics,
and computer engineers to find ex-
actly what they’re worth in today’s
market. The work book is based on
IEEE-USA’s “1997 Salary &
Fringe Benefits Survey: Executive
Summary,” (ELECTRONIC DESIGN,
July 21,1997, p. 135).

There are two models in the
workbook for determining salary
information. They both ask you to
calculate your level of experience
as of January 6, 1997, discounting
time spent in full-time study in ei-
ther undergraduate or graduate
schools. They also send you to a
“Base Incomes” table to match up
your years of experience with the
Median Base Income From Pri-
mary Sources.

Next, calculate your adjust-
ments. These take into account
such factors as degrees, specialty,
job function, employer size and
type, line of business, and region.
Essentially, this is where the two
versions of the salary estimation
calculations diverge. There are
more subtle definitions of the levels
of engineering responsibility in the
second method.

The final step is the same for
both methods: calculate the final
comparison for the specified situa-
tion. Here you “multiply your base
income estimate by the product of
all the adjustment factors to get the
middle-income estimate.” Then add
in the Consumer Price Index to bal-
ance your salary, adjusting for
growth in engineering pay scales
between January 1997 and today.

The workbook is priced at
$14.95 for members and $19.95 for
nonmembers.

For more information, contact
IEEE-USA, 1828 L St., NW, Suite
1202, Washington, D.C. 20036-5104;
(202) 785-0017; fax (202) 785-0835;
e-mail: c.currie@ieee.org.—DS

In its ever-exhaustive efforts to
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TLC876 starting at only $2.89*

D> 20-MSPS (min) conversion rate
> 107-mW (typ) power consumption
P On=:05158

D> 505 vs. 105-ns enable and disable times
improve bus efficiency

} 2-V analog input range can include 0 VDC

> 2X the impedance of the reference input

*Price is per device in quantities of 1,000.

Introducing the TLC876 from TI. A single-supply ADC that
delivers the high speed and high resolution you need for high-
performance applications like digital video systems, digital
cameras, scanners and communications systems. And at only
107 mW, the TLC876 reduces power consumption 33% versus
the competition. With enable/disable times reduced to only
5 ns, the TLC876 significantly improves bus efficiency and
system throughput. The TLC876 delivers DNL of less than
1 LSB and 54 dB of SNR. Reference input impedance is 2X
higher than the competition. And the TLC876 analog input is
specified as low as ground, eliminating level shifting stages
prior to the ADC, saving board space and cost.

For free data sheets or EVM information, contact us at:

1-800-477-8924, ext. 5050, or www.ti.com/sc/5050
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ABOUT THE TIME YOU’RE
SENDING CHUCK
OUT FOR MORE TIN FOIL,
A CE/EMC-COMPLIANT
POWER SUPPLY
STARTS TO SOUND LIKE A
VERY GOOD IDEA.

Meeting, §/stam EMt

15 a i #asiee withl
Lambda’s I00W-J000W
POER suppleg.s /E)r
MrcroprocesSor

appfr'ca/x'on.w.

Getting your system to meet EMI EARIR- RN - plications already meet CE standards for both

standards can be an arduous task if , 3 ! ' conducted and radiated EMI. We have our own in-house
your power supply comes from a company ) EMC and lightning strike measurement facilities, so we know
that considers it to be your problem, not theirs. these supplies can stand the test of worldwide

But at Lambda we supply solutions, not just power. Our regulations, as well as the test of nature.
100W -1000W PFC power supplies for microprocessor-based Our new RP series addresses your logic needs

with 500, 750 and 1000 watt models featuring




3.3 or 5 volt auxiliary outputs, and main outputs that adjust from  To bring your products to CE compliance you don't need foil,

3 to 5.75 volts. There are plenty of output configurati