
SUPPLEMENT TO 

ELECTRONIC DESIGN 
TECHNOLOGY-APPUCATIONS-PRODUCTS-SOLUTIONS 
A PENTON PUBLICATION MARCH 9,1998 



rUfAJJ ÏDUfjJ^^Lb 

On orders entered by 
5:00pm central time 
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Overall Performance 
...5 Years in a Row! 
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OTP 
Quantum Leap ¡n 
high-endg-bft 

microcontrollers. 

Performance 

Microchip 
makes it. 

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 
Kbytes of memory, IK RAM and up to an 84-pin package, this new PlCmicro™ 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. 

Future has it! PIC17C756 is available NOW for off-the-shelf delivery from Future Electronics. 

Extensive PlCmicro 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 

FUTURE ELECTRONICS 

Experience The Service That Wins The Awards...Worldwide 

Die available 
(actual size) 

Microchip 
The Embedded Control Solutions Company 

Microcontrollers • Non-Volatile Memories • ASSPs 

www.microchip.com 

Speed 6x Faster — 8.5 MIPS 

Power 90% Lower — 5pA 

Voltage Widest Operating Voltage — 3.0-6.0V 

Analog Most Precise — 10 bit ± 1 LSB ADC 

Communications 4x Faster with Broadest Options 
2 USARTS/2 Mbps, SPI/8.25 Mbps, PC/400 KHz 

"he Microchip name, logo and PIC are registered trademarks and PlCmicro is a tracemark of Microchip Technology Inc. in the U.SA and other countries. Information subject to change. © 1997 Microchip Technology Inc. All rights reserved. 
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Rock Solid 

©1997 SGS-THOMSON Microelectronics. All rights reserved. 

Bringing Microelectronics to Life 

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. 

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 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 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 

I/O 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 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 

Save $62 
ON AN 
ST62 

Starter Kit 

Noise 
Immunity 
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The Internet 

Appliance Toolkit 

(IAT) includes: 
everything on the demo, plus 

visual application builder 

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! 

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 

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! 

Download your free 
1.44M demo today! 
www.qnx.com/iat 

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

QNX Software Systems Ltd., 175 Terence Matthews Crescent, Kanata, Ontario, Canada K2M 1W8 Voice: 613 591-0931 Fax: 613 591-3579 Europe: 49 Dave Park. Chorley wood, Hertfordshire, WD3 5NY Voice: (44)(0)1923 284800 Fax: (44)(0)1923 285868 
© QNX Software Systems Ltd. 1997. QNX is a reg stered trademark and IAT is a trademark of QNX Software Systems Ltd. All other trademarks and registered trademarks belong to their respective owners. 
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EMBEDDED SYSTEMS J, 
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ELECTRONIC DESIGN 
TECHNOLOGY-APPUCATIONS-PRODUCTS-SOLUTIONS 

Embedded Systems Features 

Q 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 

j g Hardware And Software 
u Co-Verification—Key To Co-Design 

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

9 R Designing Real-Time Systems With The 
u Unified Modeling Language 

General-purpose programming UML provides a common 
means of expressing objects, their behavior, and interactions 
with users.By BRUCE POWEL DOUGLASS 

A n Dancing With Devils: Or Facing The Music 
U On Software Quality 

Embedded systems software developers must invest in quality 
with rigorous testing while demanding reliable tools from 
their vendors.By TOM BARRETT 
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EMBEDDED COMPUTERS 

MEMORY MODULES 

FLASH MEMORY CARDS 

COMMUNICATIONS PRODUCTS 

FREE 
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SMARTengine"/50cPCI 3U 

CPU 200MHz 6Abit MIPS R5000 

RTOS 
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The SMARTengine/50cPCI 5U 

brings the power ol the R5000 

CPU to telecommunications 

and data communications 

applications where space is at 

a premium. We can speed you 

to market with our off-the-

shelf boards and provide a fast 

60- to 120-day turnaround on 

prototypes tailored to a perfect 

fit for your application. 

Bus 
Memory 
NVRAM 
EPROM 

Flash 
I/O 

SMART Modular Technologies, Inc., 

is a lead nç manufacturer of specialty 

RISC processor 

CompodPCI, 3U form factor 

Up to 128 MB intrflejved DRAM 

8 or 32 KB 

25Ó KB 

1, 2, or 4 MB of lash memory 

Multi-protocol serial ports 

Parallel oort 

1 OBasel Ethernet 

Supports 7 PCI slots in a 

CompactPCI bock panel 

Supports multiple RTOS 

including VxWorks, Nucleus, 

anc C-EXECUTIVE 

Toll-free 1 800 956 SMART (1 800 956 7627} 

Tel 510 490 0732 Fox 510 623 1434 

World Wide Web www.smartm.com 

E-mail info@smartm.com 

FREE evaluation 
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EMBEDDED SYSTEMS 
IN ELECTRONIC DESIGN 

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 
“invaded” in the nicest way possible.) 
Whether we’re among the increasing num¬ 
ber of design engineers working on either 
the hardware or software side of an embed¬ 
ded system or just users of the marvelous 
end products that make our professional 
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-
ed merchant computer hoards 
racked up $2.43 billion in ship¬ 
ments in 1996, according to a 
study by Venture Development 
Corp. (VDC) sponsored by elec¬ 
tronic design and VDC. That figure is 
expected to climb to $4.57 billion hi 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, however, 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 

development cycle for their current project. 
We often hear that 18 months 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 months or less. But 44.5% of those 
answering the question said their develop¬ 
ment cycle was 12 months or less. As for the 
future, 66.7% said they expect development 

cycles to he shorter. Somehow, 
5.2% optimistically believed 
future development cycles 
would be longer. 
The articles we’ve reprinted in 

this electronic design supple¬ 
ment should help engineers 
meet these increasingly tighter 
schedules. Two of the articles 
deal with co-verification, which 
employes techniques that make 
it possible to verify both hard¬ 
ware and software before a 
prototype is available. Another 
article deals with the unified 

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 

As for the future, 66.7% 

of those answering the 

question said they 

expect development 

cycles to be shorter. 
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go-dsn 
High Performance DSP Tools 

Code Composer is probably the 
most sophisticated, comprehensive 
development environment... 
comparable to the best of any 
microprocessor development 
systems... There's presently 
nothing else I know of in the DSP 
marketplace that compares with it. * 

V 
• IDE 
• Leading Edge GUI 
• Open Plug-In Architecture 
• Visual Project Management 
• C-Source & ASM Debugging 
• File I/O 
• Signal Probe Points 
• Graphical Signal Analysis 

Check out our new site 
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-UNIX 
Simulator 
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3rd Party Board Support 
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Desktop Engineering, May 1997 
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EMBEDDED SYSTEMS 
IN ELECTRONIC DESIGN 

New Techniques Give Hardware And Software 

Designers Greater Visibility Of The Internal Workings 

Of Increasingly Complex Embedded Systems. 
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-

1. BEYOND THE CO-DESIGN phase, the differences between the design 
processes for hardware (in this case, an ASIC design using HDL-hased tools) and 
software are disappearing. 
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EMBEDDED SYSTEMS 
IN ELECTRONIC DESIGN 

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 problem 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 I/O calls that 
would be used in the actual target 
system (see code listings a and h). Re¬ 
mote procedure calls (RFCs) link the 
executing user’s program on the 
workstation to the Eagle software, 
called a Virtual Product Console 
(VPC). 

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 
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3. THESE RESULTS from an interactive hardware and software debugging 
session show a waveform viewf rom the VCS simulator (left window), the Verilog 
source windowfrom the VCS simulator (right background), and the results from 
theMWX-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. 

Designers would have absolute 
control of the target microprocessor. 
The emulator’s unique claim is that it 
can absolutely 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¬ 

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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I 
I 

Our product roadmap 
is so close to Motorola's, 
yoo'd think we shore^, 
cartographers. 

QSpan 

Tundra QSpan 
Still the only 
direct connect 
PCI bus bridge tor 
Motorola embedded 
processors-
but now even better! 

Check out our Web site at 
www.tundra.com 

Designed, developed and enhanced 
in partnership with Motorola, 
Tundra QSpan just got even better. 

• Direct connect to MPC801, 
MPC821, MPC850, MPC860, 
MC68360 and M68040. 

• Our QBus interface now provides 
direct connect to the 50MHz 
MPC8XX processors recently 
announced by Motorola. 

• We now give you the option 
of both 5 volt PQFP and 
3.3 volt BGA packaging 
Both support industrial and 
commercial temperature. 

• We've increased PCI target 
channel performance 10 times 
thanks to deeper FIFO's, 
separate Read/Write FIFO's, 
bursting and pre-fetching. 

• Our QBus slave also offers deeper 
FIFO's as does our IDMA Channel 
- with the added benefit of PCI 
Burst length counter. 

And to think, even before we 
made all these enhancements, 
Tundra QSpan already had design wins 
with leaders in data communications 
and internetworking including 
Bay Networks, IBM, Lucent Technologies, 
Newbridge Networks, Nippon Unisoft, 
and Nortel - not to mention our 
good partners at Motorola. 

TUNDRA 

1-000-2077231 
(613-592-0714 outside North America) 

Reference file 142 

Tundra and Tundra logo are registered 

trademarks and QSpan is a trademark 
of "undra Semiconauctor Corporation. 

Tundra Semiconductor Corporation 
603 March Road • Kanata • ON • K2K 2M5 • Canada • (613) 592-0714 (tel) • (613) 592-1320 (fax) • 1-800-267-7231 
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EMBEDDED SYSTEMS .1 
IN ELECTRONIC DESIGN 

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; 
*p32data = ‘(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) 

{ 
u32data = ~u32addr; 

#ifdef EAGLE-VSPLINK 

vspMemWrite32(u32addr, u32data); 

#else 
‘(unsigned int *)u32addr = u32data; 
*p32data = ‘(unsigned int *)u32addr; 

#endif 
if (*p32data != u32data) { 

/* error */ 
} 

} 
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IN AN 8-PIN PACKAGE 
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The TLC5618, TPs programmable, dual, serial input 

voltage-output 12-bit DAC, lets you select and specify 

the right performance level for your multiple DAC 

applications. Plus it clocks to 20 MHz, resulting in a 

FIRST PROGRAMMABLE, 
OUAL 12-BIT SERIAL OAC 
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SCLK 
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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-
76« SUPPLEMENT TO ELECTRONIC DESIG 

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 
Í960HX. 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-
• March 9,1998 

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. J}. 

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 his BS and PhD in 
Materials Sciencef rom Cornell Univer¬ 
sity, Ithaca, NY. 
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Increased Software Content, Design Complexity, And 

Time-To-Market Pressures Drive Designers To Validate 

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 modem 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 
forced to reexamine this design process to petform comprehensive verification of 
their designs. 
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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 written in 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-

High-level design 

Requirements 

Architecture 

2. BY MOVING SYSTEM integration forward in the design cycle, as 
illustrated above, the risk of finding hugs late in the design process, when they 
are more dfificult 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 

for the fastest and most inexpensive 
ways to fix those problems. Given 
time and cost requirements, hard¬ 
ware problems 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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J ut t ing into Sydney Harbor, the Sydney Opera HoiMcis a complex of theatre* and halls linked together beneath its 
famous shells. I lie defined spherical geometry of the shells are a deviation from the original design, which proved Io 
be structurally impossible to build. This final redesign enabled the roof vaults to be constructed in a pre cast fashion, 
greatly reducing building time and cost, and ultimately enhancing use of space. for maximum performance. 
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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-

22 • SUPPLEMENT TO ELECTRONIC DESIGN 

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 a logic 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 isolated 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 (Fig. 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 
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replacements dramatically improve system 
cost, reliability and manufacturing. Call today 
to find out why smart designers are buying 

our pin-compatible nvSRAMs instead of battery-backed SRAMs. 
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1465 Kelly Johnson Blvd., Colorado Springs, CO 80920 
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SBC2000-3 

p resta Technology, Inc. 
BlngM Beard Compute» tor If* 21 to Cantery 

32 bit 68332 4^^. 
Low Power . ä 
2 X RS-232 
Wa^pdog 
RealTimejftoek 
EPROM* / 
KúD/Keypad 
1 Meg FLASH-- *4 
^Meg ROM ■■■'"¿T 
1 Meg RAM 
$299 © 
$188 © 100 

(303) 422-8088 
www.sbc2000.com 
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Source Code Included * NO Royalties 

80x51, 8051-XA, 80C251 
80196/296, 80x86, Z80/180 
80C165/166/167, ST9, ST10 
68HC11/12/16, 68K, 683xx 
H8300H, TLCS-900, ARM 

M16C, SH, PowerPC &More 
CAN Communications Layer 

now available 

Compilers Simulators Debuggers 
Available for most of the above processors 

Including 68HC05 & PIC16/17 

CMX 
COMPANY 

680 Worcester Road 

Framingham. MA 01702 
USA 

Phone: (508) 872-7675 
Fax: (508) 620-6828 

email: cmx@cmx com 
WWW: www.cmx.com 
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BE1MNK DESIGN 
^Online 
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¬ 
neeringf or Mentor Graphics' Co-De-
sign Business Unit. He has been until 
Mentor Graphics for seven years and 
has been responsible for many simu¬ 
lation programs including Seamless 
CVE. Serge holds a BSE E and an 
MSCSfrom Arizona State Univer¬ 
sity, Tempe. 

Advertisers Index 

Advertisers 
AEROFLEX 

APPLIED MICROSYSTEMS 

BYTE CRAFT LIMITED 

CMX COMPANY 

CMX COMPANY 

DIGI-KEY 

DLI DIGITAL LOGIC 

EMBEDDED SYSTEM 

FAIRCHILD SEMICONDUCTOR 

FORTH SYSTEME GMBH 

GO DSP 

HITEX 

l+ME 

KEIL SOFTWARE 

LAUTERBACH 

MICROCONSULT GmbH 

MICROCHIP TECHNOLOGY 

MICROSOFT CORPORATION 

MICROTEK INTERNATIONAL 

MILL-MAX 

NOHAU CORPORATION 

PHYTEC 

PLS GmbH 

PLS GmbH 

QNX SOFTWARE SYSTEMS 

RAMTEX INTERNATIONAL 

RIGEL CORPORATION 

SGSTHOMSON 

SIEMENS 

SIEMENS 

SIMTEK CORPORATION 

SMART MODULAR 

TASKING 

TEXAS INSTRUMENTS 

TQ COMPONENTS 

TUNDRA SEMICONDUCTOR 

US SOFTWARE 

VECTOR INFORMATIK GmbH 

VESTA TECHNOLOGY 

VMIC 

WILLERT SOFTWARE TOOLS 

WINSYSTEMS 

Z-WORLD INC. 

ZF MICROSYSTEMS 

RS# Page 
96 35 

46 

128 29 

122 24 

127 28 

93 Cov2 

130 29 

139 31 

94 11 

144 31 

95 8 

134 30 

132 29 

136 30 

135 30 

141 31 

119 1 

17 

99 Co»3 

106 21 

124 28 

137 30 

123 28 

133 30 

100 4 

126 28 

131 29 

142 2-3 

102 27 

107 32 

121 23 

108 6 

138 31 

101 15 

143 31 

109 13 

125 28 

129 29 

110 24 

UI Cov4 

140 31 

112 47 

U8 37 

120 19 

24» SUPPLEMENT TO ELECTRONIC DESIGN • MARCH 9, 1998 



1 EMBEDDED SYSTEMS 
IN ELECTRONIC DESIGN 

General-Purpose Programming UML Provides A 

Common Means Of Expressing Objects, Their 

Behavior, 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 

i-1 Refinement ।— -1 
Class [■.- - - -1>| Class | 

UMI associations 

1. DEPICTED ARE UML CLASSES, relationships and associations. A full descrip¬ 
tion of a class includes its name, attributes and behavior at run time. 
Relationships between classes include dependency (parent/child), generalization, 
and refinement. Associations show how one class uses the services of another. 
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DESIGNING WITH THE UML 

Elevator 

Take a ride 

Passenger 

Cable breaks 
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Potential 

passenger 

Request 

elevator 

Controller 

personnel 

2. IN REFINEMENT, AN INCOMPLETELY specified class is given enough infor¬ 
mation to have a unique name and parameterized values on which to operate 
One technique uses the -hind- 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 placing them between symbols that look 
like this (- -), as in -hind-, or by using special icons. 

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¬ 

Classes and objects; 
Use cases and scenarios; 
Behavior; 
Large scale logical packaging; 
Physical modeling. 

arm joint, or an elevator (Table 1). 
The class of an object defines its in¬ 

ternal 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 

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 

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: 

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 nonhuman elements such as other systems. 

Hold open 

door 

Sluck 

elevator 

Service 

elevator 



SIEMENS 
8- AND 16-BIT 

MICROCONTROLLERS 

www.sci.siemens.com/can.html 

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

No one else offers more 8- and 
16-bit price and performance 
solutions for CAN 2.OB than 

Siemens. 

See us at the 

Embedded Systems '98 Show, 

Booth Ml, 

Sindelfingen, Germany, 

February 18-20, 

or the 

Embedded Systems East Show, 

Booth 1501 

Chicago, Illinois, 

March 31 -April 2 

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.OB. 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 2.0B 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. 

The Leader in CAN Tools 
Support. 
Siemens has the largest selection of CAN 2.0B 
development 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. 
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Simplify your life. Siemens Microcontrollers 



CAN Hardware and Software 

EMUL166-PC 
In-CIrcult 
Emulator 
for 
Siemen» 
Cl«« & 
CBOO 
family 

Nohau's EMUL166-PC supports 
the Siemens C166 family of 
microcontrollers, including 

C167CR, C167SR, C165, C163, Cl 61 RI 
and their associated Xperipherals. The 
EMUL166-PC emulator system consists 
of a card which connects to the PC's 
printer port (LPTx:), and a pod 
(containing the controller, memory and 

-^^PC Features: 

. Emulates at maximum 
chip speed (33MHZ 

. High-level support for all 
popular C-compilers 

I . set hardware and software I 
breakpoints 

. 256K to 1M external pod 

I memory available 
. Customizable register windows 

I . Optional trace board 

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 in/out is also available. 

EMUL51-PC 
supports the Siemens C500 family 
including the C5O5C, C505CA 
and C515C. 

noHau 
CORPORATION 

51 E. Campbell Ave. 
Campbell, CA 95008-2053 
TEL: (408) 866-1820 
FAX: (408) 378-7869 
E-Mail: sales@nohau.com 
URL: http://www.nohau.com 
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Microcontrollers 

Professional Support with 
Development, Testing and 

Development Tools 

Please contact us for more detailed information (408) 451-8408 
50 Airport Parkway. San Jose. CA 951101011 
Phone: (408) 451-8408 Fax: (408) 437-7777 

pls GmbH 
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-pis-mc.com 

StateW-the+art 
Software 

Technology 
for 

Rapid startup with your C166 project 

fa^yiewóó/WINi 1/95/ ntj 
New: Deb“99'"9 via CAN-Bus 

Open Development Platform with High-End Debugger, 
CASE Tool, C/C++ Compiler, Configuration Managemen|t, 
Real Time Kernel. Emulator Support etc. 
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HiuaW * Wif 
Supports C-16x 

USNH® TCP/IP 
Embedded Networking 
• Protocols TCP, UDP, IP, ICMP 

• RIOS Independent 

• Includes dients/servers BOOTP, 
TELNET, FTP, & TFTP 

CGI Functions, META 
Commands 
and ISMAP 

For use with any 
TCP/IP stack. 
HTML pages and 
FORMS 

NEW; 
« PRODUCT ’ 

USNET SNMP 
Optionally Available 

USNET Web Server 

SuperTask!™ 
RTOS Development Suite 
Mature, fast, and user 
configurable. Prototype 
debug and multitask with 
over 20 C/C+ + compiler 
toolchains supported 

• Fost Task Switch 

• Full Featured - Over 70 System Calls 

• Low Interrupt Latency 

• Full Source Provided 

World Wide Wen USSW.COM 

.i ls 800-356-7097 (USA) 

LJ S SOFTWARE 
Embedded Excellence-

7175 NW Evergreen Pkwy. Suite 100 

Hillsboro, OR 97124 

TEL 503-844-6614 • FAX: 503-844-6480 

EMAIL: info@ussw.tom • www.ussw.com 

EMBEDDED I/O 
Standardized syntax ter I/O and inteiwpi 
Make your C/C++ I/O driver source code portable across 
compilers and CPUs. Test with PC compilers. Free demo. 

Standard I/O driver source libraries 
★ Multiple CPU families : 80x51,80C167,80x86 etc. 
★ On-chip I/O support, timers, serial I/O, interrupt, etc. 
♦ l2C bus protocol drivers and serial EEPROMs drivers. 
* Character LCD drivers and Graphic LCD module drivers. 

al 
www.ramtex.dk From: 

RAMTI Tel.: +45 4550 5357 
Fax: +45 4550 5390 
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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:***** “ unparalleledperformance!" 

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 to ask about other products such as: 

• CMXBug-^^^MXTradtw-^^wCMXTinywCMXTmy* »Kernel Awareness»PCProto CMX-TCPAP»Compil«s 

PM Y 680 Worcester Road • Framingham, MA 01702 
PH: (508) 872-7675 • FAX: (508) 620-6828 

COMPANY WWW: http://www.cmx.com • email: cmx@cmx.com 
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Development Tools Sopport 
Symbol for development...CA/Valyzer 

I PREMIUM Performance 
The ultimate tool for CAN 

Receive, analyze, transmit. 

Versatile programmability. CAPL. 

User friendly. 

CANalyzer - trail-blazing 

for industry 
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vector 

Location: 

Runa under: Windows S 
HP-UX and Sun Solaris. 

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

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

Tel: 1-519-888-6911 
Fax: 1-519-746-6751 

Vector CANtech, Inc. 
Suite 190, 39500 Orchard Hill Place, USA Novi, Ml 48375 
Phone +1248449-9290 Fax -9704 

Vector Informatik GmbH 
Friolzheimer Straße 6 ■ D-70499 Stuttgart 
Tel+49 71113 99 96-19 Fax-30 
http://www.vector-informatik.de 

Byte Craft Limited 

421 King Street North 
Waterloo, Ontario 
Canada N2J 4E4 

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 BCIink 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 C8061 enables the professional developer to design embedded 
applications for the consumer electronics, telecommunications, 
automotive and industrial sectors. 

http://www.bytecraft.com 
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dli CAN C16x 
Logic Analyzer based 

Embedded Analysis Tools 

• 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 

F Member of Con fro/*.>rr Group J 

dli digital logic instruments gmbh 
Voltastr. 6 
D-63128 Dietzenbach, Germany 
Phone: (+49) (6074) 4002 0 
Fax: (+49) (6074) 4002 77 
email: sales@dli.de 
web: http://www.dli.de 
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The CAN-ABLF Family 
Hardware: 167CR, 167CR-F128 
• Industrial Boards with GND & VCC Planes 
• Built in CAN Physical Layer (82C250) 
• C and Assembly CAN Routines 
• All Processor Pins on Headers 

• Device Net Compatible 
• Up To 1MB RAM, 1MB FLASH 
• Designed and Built in the USA 

Software: READS166 V3.00, FLASH Program Software, CAN Demos 
READS166 V3.00 includes 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) 

Boards start at 

SI 50, 

Reads! 66 Lite 

(64K Code) S295 

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

Got a CAN APPLICATION? 
Use l+ME ACTIA -The CAN 
networking specialists 
for over a Decade! 

I+ME supports your 
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: 
• Hardware & Software Support for Siemens 8- and 16-bit CAN 2.OB 

Microcontrollers 

• CAN PC interfaces, including software 

• CAN System Test & Design Tools for powerful network design, 

analysis & diagnoses 

• CAN System Application Software 

• Complete Technical Support in US & Europe 

• CAN Know-how 

• CAN Consulting Services 

/I dl-SL. In the US: Te :(970) 244-1257 Fax: (970) 245-6267 

I ¿/|/IIZE3uB In Europe: Tel: (531)38701 12 Fax:(531) 38701 88 
' VVoridwide: wwwiectia.com email: INFO@IME-ACTIA.DE 
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C4/V Hardware and Software 

\Ne can CAN. 

Please contact us for more detailed information (408) 451-8408 
50 Airport Parkway, San Jose, CA 95110-101 Î 
Phone: (408) 45I-8408 Fax. (408) 437-7777 

pls GmbH 
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.7/www. pls-mc.com 

j la tor 

controller 
low how. 

CANn 
Heat 

Fax: 
Email 
Internet 

(8oo) 454-4839 
(408) 441-9486 
info@hitex.com 
www.hitex.com 

2055 Gateway Place, Suite 400 
San Jose. CA 95110, USA 
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TRACE 3 2@ 
ONE SYSTEM FITS ALL ! 
.► LuiDLu.lauterbach.com 

Lauterbach Datentechnik GmbH 
Fichtenstraße 27 
D - 85649 Hofolding, Germany 
Fax: ++ 49-81 04-8943-49 
Phone: ++ 49-87 04-8943-0 

Lauterbach, Inc. 
5, Mount Royal Ave 
Marlborough, MA 01752 
Fax: 508-303-6813 
Phone: 508-303-6812 

e-mail: info@lauterbach.com 

LAUTERBACH 
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11 C Compilers & Debuggers 
I SOFTWARE RTOS with CAN drivers 

✓ 8051 & C166 C Compilers 

✓ 8051 & C166 CAN Drivers 

✓ 8051 & Cl 66 RTOS 

/ CAN Example Programs 

✓ C167CR & 81C90 Boards 

✓ C505C, C515C, 81C90/91 

✓ C167CR, C164CI 

U.S.A. International 
(800) 348-8051 (*+49) / 89 45 60 40 0 
sales@keil.com sales.intl@keil.com 
www.kell.comwww.kell.com/can IE SOFTWARE 
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Stick This in Your 
Embedded Application 
PHYTEC... stick it in9/ 

Insert-ready SBCs power Siemens' C500 & C166 families 

Call for 

complete 

product 

catalog! 

• All controller ports & signals extend to standard-width pins al gning board ecges 

• microMODUL (51x36 mm.) 4 miniMODUL (85x55 mm.) footprints 

• microMODUL series supports C501, C502, C504, C161, C163, C165, 80C166 

• miniMODUL series supports C509, C515C, 80C535/537/509, 80C166, C167CR 
• ADC: RS-232, RS-485 & CAN Interlaces: 32 to 256 KB SRAM & Flash on-board 

• /CS-signa's enable external I/O; Requires low 5V. power source 

• Plugs as "big chip" inlo target systems 

• From $115 single-unit price, including Flash firmware & demo development tools 

» Available as 100x160 mm. kitCON Evalboards with power & serial connectors 

r-7=rpi nW/irTri pQ 755 Winslow Way, Suite 302 • Bainbridge Island, WA 98110 
!■■■ ■ ■ "■ ■ Tel i800 ) 278‘"13 * (206) 780-9135 

http://www.phytec.de 
Robert-Koch-Strasse 39 • D-55129 Mainz Germany 
Tel * *49 (0)6131 9221-0 » Fax » >49 (0) 6131 9221-33 
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Development Tools Support 

You CAN GET YOUR 
MESSAGE THROUGH FASTER 

with TASKING tools 
EC++ 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. 
Available as simulator or ROM monitor. 
Supports all boards with CAN processor 
(167CR/164CI) 

3TASKING 
Ger your application to market faster by visiting us at: 
www.tasklng.com/slecan for free evaluation tools, or call us for a 
CD-ROM: 1-800-458-8276. 
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r- OUT OF THE BOX. -i 
Embedded in the heart of critical applications 
for automobiles, instrumentation, process con¬ 
trol and telecommunications since 1985, RTXC 
is a proven and reliable performer. 

Your real-time embedded application depends 
on the real-time kernel you choose. It's the 
very heart of your application, responsible for 
system performance, efficiency, and reliability. 

Using RTXC means you immediately begin 
applying resources to the application without 
the worry of developing the kernel. With RTXC, 
you increase the probability of making it to 
market on schedule. 

Find Out For Yourself -
Call Us Today! 

INTO YOUR PRODUCT! 
Embedded 
System 
Products 

Embedded System Products, Inc. 
10450 S-oncW, Suite 110, Houston, Texas 77099-4336 

Phone:(800) 525-4302 or (281) 561-9990 Fax:(281) 561-9980 

email: sales@rtxc.tom web: www.rtxc.com 

UK/Europe: Embedded System Products (Europe) 
Tel: +44 (0)1635 553020 • Fax: +44 (0)1264 736768 • Email: euro@rtxc.com 
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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 
Cl66 Products from: Tasking, Keil, I+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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FORTH-SYSTEME GMBH 
1103 Tel. ++49 7667 908-0 

D-79200 Breisach Fax ++49 7667 908-220 
email: sales@fsforth.de • http://www.gei.com/forth 

• Siemens (1670,16 bit controller with CAN 

• 512 KByte Flash EPROM onboard, 16 fail I wait state (opt. 1 MB). 

• 2 irrtewioe socket (PICO for up to 1 MByte Flash-EPROM 

• 256 KByte static RAM, 0 wait states (opt. 1MB) 

• 20 MHz CPU dock, 100ns instr, cycle time 

• All processorsignals on dual row pin header 

• 2 st riai channels, battery backup unit 

• Size 2.5" x 3.2" 
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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 

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¬ 
ior 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 

theDoor theElevator theController 

Elev. request 

Goto floor(t) 

Close 

Done 

Open 

Done 

5 sec. 

Done 
Goto floor(target) 

Open 

Door closing time elapses, so 

elevator closes the door. 

Elevator arrives and 

commands the door to open. 

Potential patron ot floor f 

requestsan elevator to go up. 

Elevator shuts the currently 

open door. 

Elevator arrives at floor, so 

it opens the door. 

Patron selects the desired 

floor. 

a 

Sb-a<3 sec. 
b 

J Tm(DoorCycleTime) 

Close 

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

class AttitudeSensor : public Sensor { 
public: 

virtual int getValue(void); 
); 

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 attribute 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 
type 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 
Queuecmessage, 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); II insert into internal 

queue wf 
return Smooth(wf, pos); // external 

function 

In this example, the 
FilteredWaveform GetSamplef ) 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 

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 

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

Class Sensor { 
private: 

Converter* ADC_Channel1 ; 
Converter& ADC_Channel2; 

protected: 
int CalConst; 
int Value; 

public: 
sensor(converter*C1 ,C2); 
virtual int get(void); 
int Calibrate(int cal); 

}; 

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

Composition is a stronger form of 
aggregation. It implies 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 ‘component 1; 
Obj2 &component2; 
Obj3 components; 

}; 

TABLE 2. OBJECTS THAT PARTICIPATE IN AN ASSOCIATION 
Multiplicity Description 

1 Exactly one object participates 
• 

0 or more objects participate in the role 

x-y A range of objects participate in the role, e.g., 3..6 

x*z_ _ _ A list 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 

5. IN THIS NESTED STATE chart, the substates "idle. ” receiving. ” and "trans¬ 
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. 3 again). 
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¬ 

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: 

• 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: 

• Nesting of states; 
• Concurrency; 

• Guards on transitions; 
• Propagated events; 
• Actions on transitions; 
• Actions on state entry; 
• 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: 

• tColor color (eRed, eBlue, eGreen) 
• Boolean ErrorStatus(TRUE, FALSE) 
• 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] A event 
list / action list(argument) 

Let’s examine each of field in turn. 
• The name is the name of the tran¬ 
sition. Often, this is the only thing 
specified for the transition. 
• It 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. 
• The guard is shown in square 
brackets. A guard is a condition that 
must be met for the transition to be 
taken. 
• 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. 
• 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: 

• JustDoIt 
• JustDoIt(x) 
• JustDoIt(x: int) 
• JustDoit(x) lx>0] 
• JustDoIt [y<10] / print(y) 
•JustDoIt(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 I 
Process and Thread. 

Theprimaryadvantagesofstereo- I 
types are: They make it possible to ' 
refer to the type of the element, as I 
in “That class is an Exception class;” 
and they allow UML to be extensi- | 
ble by the user of the method by I 
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 I/O, 
and so on. UML uses a tabbed folder 
to represent a class 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 -subsystem» 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 
UMLformore information. 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. 
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Embedded Systems Software Developers Must Invest 

In Quality With Rigorous Testing While Demanding 

Reliable Tools From Their Vendors. 
TOM BARRETT 

EMBEDDED SYSTEM PRODUCTS INC. 

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 

1. A CONTROLLABLE TESTABILITY process tracks the 
product development cycle, also known as the V-cycle model 
for 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 actuallyf ulfills the customer’s needs. 

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 
discovery of an increased number ofp roblems. This can be a good thing. As- the 
number ofp roblems 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 to 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 
Severity index Meaning 

1 Suggestion/enhancement request 

2 Reasonable alternatives exist. Fix if possible 

3
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. 
At some 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 

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 to 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, 
ft is best to do only what is 
necessary in order to avoid 
reaching a point of diminish¬ 
ing returns. 

3. AT SOME POINT, a decision must he 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 he 
zero, hut a given length of time with no new problems, 
weighed against cost considerations, will usually indicate a 
testing cutoffp oint. 
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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. 

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¬ 

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: 

CHECKLIST FOR PROSPECTIVE USER 
Question Reason for asking 

How long has the company been in business? Time in business 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? 

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

How many people are in the company? This gives a clue about a company’s overhead 

How many engineers are in the company? 

i 

The ratio of engineers to total employees 
indicates if the company has a technical or 
marketing orientation 

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

With which tool chains is the product 
interoperable? 

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

Does the company have an internal independent 
test team? 

An independent test team gives more credibility 
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 
commitment and capability 

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 
performing and maintaining test code? 

This indicates how well the company uses its test 
engineering resources 

Do you perform characterization tests? This indicates the availability of product 
performance data 

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

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

Do engineers who developed the product handle 
technical support? 

This shows that first-hand knowledge is best 

How much time do you spend on customer 
support? 

This indicates overall quality, robustness, and 
reliability of the product 

What kind of warranty do you provide? This indicates the company’s perception of its 
product 

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, consider 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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4. FINDING AND FIXING problems early in the development 
cycle is the best way to keep down the cost of development 
and meet time-to-market demands. The cost in time and 
money increases exponentially as problems turn up later in 
the cycle. 

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 
of the minor variations that 
are missed during “black 
box” tests and ensure proper 
code coverage. 

System testing involves 
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 correctness. 

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¬ 

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 
an equation involving more 
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. 
• 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 one 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-
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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-

SOFTWARE QUALITY 

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 

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 

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 

We think 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. 

for AMD, Intel and Motorola Processors. 

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, 
it is 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. 

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. 

Compact 386SX SBC 

• $399/qty. 1 (with 2MB) 
• 40 MHz 386SX 
• 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 
• 2 year warranty 
• Technical support 

THE EMBEDDED SYSTEMS AUTHORITY 

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 
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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. 

APRIL 6, 1998 ISSUE 
• Analog Design: Power Control & Commodity 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. 

TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 
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“If I could find it, I could fix it!’ 
SEE your code at work. Find timing 
conflicts fast that are invisible with logic 
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 available. 

160-bits Wide by 256k Trace 
with Clock-edge Resolution. 
With this much trace and smart 
triggering, you can record virtually 
every event. And events can be 
followed right back to their source 
code without stopping the target. 

SWATSoftware Analysis Tool 
• Fast, easy code validation for 
design engineers. 

• Built into Microtek 
In-Circuit Emulators. 

• Code Coverage and 
Performance Analysis
offer you design spontaneity 
without instrumenting your code! 

Smaller is Better. 
Compare todays Microtek In-Circuit 
Emulators that fit in your briefcase, with 

the traditional “chassis” ofj ust two 
years ago. The difference is remarkable! 
The PowerPack’EA for the Pentium4 
processor is only 7.2” x 4.6”. And the 
probe tip is smaller than your business 
card, so it fits into the tightest targets. 

Call for FREE ICE Tips AppNotes: 

1 (800) 886-7333 
www.microtekintl.com 

Phone:(503) 645-7333 
Fax:(503) 629-8460 

MICROTEK 
In-Circuit Emulators 

Three Emulators for Pentium’ Processors 
SWAT" Software Analysis Tool 
Two National NS486™ Emulators 

High-Performance 80C186 Emulator 

Microtek In-Circuit Emulators for the following processors: 

Pentium" Intel4 8 6 "« National N S 4 8 6 "• lntel386"EX • 386DX • 386CX/5X • 80C186 • 8C51 

68360 • 68340 • 68F333 • 68332 • 68331 • 68330 • 68HC16 • 68328 • C 0 Id Fl re 
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PCs on VMS 
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 1 28 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, 

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

Now 
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Tiny Op Amp Targets Miniature Portable Electronics p. 40 

Commodity ADCs Pile More Functions On-Chip For Less p. 48 

Next-Generation System Power Management p. 57 

Design Services Provide More Bang For The Buck p. 67 

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

Planar Transformers Make Maximum Use Of Precious Board Space p. 97 

Arbitrary Waveform Generators Shuffle The Cards On Telecom Testing p. 116 



The EDA world is tinning Io Windows NT. And engineers 
and electronics companies are tinning to the new Or(’AI). 
The merger of OrCAD and MicroSim creates the world's 
leading provider of EDA software and services for the 
Windows design environment. Today, more than 130,(1(10 
designers at nearly 30.000 companies worldwide use 
OrCAD software for system level and programmable 
logic design. For analog and digital simulation. And for 

K’B layout. What's more, OrCAD’s Enterprise CIS"' 
solutions for component information management arc 
making entire engineering organizations more productive 
And companies more competitive. 

Visit www.orcad.coni or call I -800-671-9503 and 
ask lor a free copy of “Enterprise EDA: A Guide To 
Evaluating Your Design Process.” And see the new 
world of NT design productivity we can offer you. 

Now That OrCAD And MicroSim Have Merged, 
It’s A Whole New World Out There. 
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Looking For More Power, Lower Costs? 
PLUM Amplifier 
Solutions 

Switch over to greater efficiency. 
■■ 

SAOa/SAOM/S 
97% 
EFFICIENT 

SA03/SA04/SA06 = Full H-Bridge 
SA13/SA14/SA16 = Half Bridge 
Up to 5000W continuous 
30A output continuous (SA03, SA13) 
20A output continuous (SA04, SA14) 

97% efficient 
16V to 100V bridge supply (SA03, SA13) 
16V to 200V bridge supply (SA04, SA14) 
16V to 500V bridge supply (SA06, SA16) 
Analog or digital input 

5V 

9H% 
EFFICIENT 

250kHz switching frequency 
Up to 800W continuous 

Australia, New Zealand (08) 8277 3*88 
Belgium/Luxembourg (323) 458 3033 
Canada (613) 592 >540 
Daehan Minkuk (02) 745 2761 
Danmark 70 10 48 88 
Deutschland 89 61* 50310 

España (1) 530 4121 
France (01) 69-071211 
Hong Kong (852) 23348188 
India 22 413 7096 
Israel 972 3 9274747 
Italia (02) 6640-0153 

Nederland (10) 451 9533 
Nippon (3) 3244-3787 
Norge 63-89 8969 
Österreich (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 (1438) 368466 

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 hybrid designs 
rated up to 97% efficient. 

Cut Operating Costs, 
Increase Reliability. 
By reducing board space re¬ 
quirements, external compon¬ 
ent counts and the need for 
bulky heatsinks, these hybrid 
PWMs substantially reduce op¬ 
erating costs. Smaller, lighter, 
hermetic packages also mean 
these hybrids provide higher 
reliability. 

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 
your circuit fast! To request 
product data or technical assis¬ 
tance call 1-800-862-1021, 
fax 520-888-3329, email 
prodlit@apexmicrotech.com, 

or visit our web site at 
http://www.apexmicrotech.com. 

www.apexmicrotech.com 

To Request Free 

Product Data Online 

E-Mail: ProdLit@apexmicrotech.com 

or http://www.apexmicrotech.com 

ÏSO9001 
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Apex Microtechnology Corp. 
5980 N. Shannon Road 

Tucson, Arizona 85741-5230 
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© Copyright 1998 Altera Corporation. Altera, FastTrack Interconnect, FLEX. FLEX 10K, FLEX 6000, MAX+PLUS II, 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. 

For specific pricing, contact Altera or your local distributor. 

WWW. 
altera 
.com/guitar 

1-800-9-ALTERA 

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® II 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. 

-EPF10K10A volume price projection, end 1998. Contact Altera for pricing on other FLEX 10K devices. 

“EPF6016A volume price projection, end 1998. Contact Altera 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. 

Family Supply Voltage Density Range Logic Elements On-Chip Memory Price 

FLEX 10K 3.3 V and 5.0 V 
versions available 

10,000 to 
250,000 gates 

576 to 12,160 6 Kbits to 40 Kbits 
embedded RAM 

$7.50-

FLEX 6000 3.3 V and 5.0 V 
versions available 

16,000 to 
24,000 gates 

1,320 to 1,960 Logic only $6.50“ 



1968- 1998 

W SUPPLE 

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. 

ISO 9001 
REGISTERED 

SPH-1200 
Hot swap, 
1200 watts, 
power factor corrected, single 
output, current sharing. 

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, 
current sharing. 

TODD PRODUCTS CORP. 
50 Emjay Boulevard 

Brentwood, NY 11717 USA 
800 223-TODD 

TEL: 516 231-3366 
FAX: 516 231-3473 

EMAIL: info@toddpower.com 
WEB: http://www.toddpower.com 

HOT 
SWAP 
Solutions for 

Critical 
Applications 

RMX-350 
Hot swap, 
350 watts, 
multiple output, power factor 
corrected. AC equivalent of TMX-350 
in form and fit. 

TODD 
POWER SUPPLIES 

TMX-350 
Hot swap, 350 
watts, multiple output, 48 VDC input. 
Equivalent of RMX-350 in form and fit. 
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TECH INSIGHTS 

40 Tiny Op Amp Targets Miniature Portable Electronics 
• An advanced submicron silicon-
gate biCMOS process houses this 
general-purpose op amp in aflea-
size SC70 package. 

48 Commodity ADCs pile more functions on-chip for less 
• Combining innovative circuits with submi¬ 
cronprocesses, analog IC suppliers are dri¬ 
ving 16-bit converters down to $5. 

57 The Next-Generation System Power Management 
• Part II of a three-part series on the Mobile 
Power Initiative focuses on the advanced con¬ 
figuration and power interface. 

61 Product Features 

EDA 

67 Design Services Provide More Bang For The Buck 
• Ina world where engineers are at a pre¬ 
mium, these services offer a more practical 
way of supplementing traditional design 
methodologies. 

82 EDA Watch 
• Understanding the roles of CSM, PDM, and 
ERP in product development 

89 Product Features 

PIPS 

97 Planar Transformers Make Maximum Use Of 
Precious Board Space 
• With their low profile and high density, pla¬ 
nar devices help designers meet demands for 
ever-smaller power supplies. 
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Frank Goodenough: 1925-1998 
On Friday February 13, one of the best-known 

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¬ 
nalism. That was an event that 
drew a couple of hundred notables 
from the electronics industry. 

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. 

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¬ 
joyed 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¬ 
losophy and a terrific sense of hu¬ 
mor. 
Frank was married for 42 years to 

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 introduced the first digital, single-axis motion controller without tachometer feedback. 

? 

©1998 Galil Motion Control. Inc • 203 Ravendale Drive • Mountain View, CA 94043 

800-377-6329 • 650-967-1700 • Fax: 650-967-1751 • Email: galil0galilmc.com 

CALL 1-800-377-6329 TODAY 
FOR YOUR FREE PRODUCT GUIDE, INCLUDING A 
TECHNICAL REFERENCE ON MOTION CONTROL. 

Visit us at www.galilmc.com 

TODAY 
MOVE 

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 I/O 

and memory for user-defined programs. 

Let the value in _ _ 

Galil controllers m 2m 
move you, 
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Fairchild SuperSOT-8 FDR4420A 

The 9.0 mQ MOSFET that 

Makes Portables 
More Powerful 

Not shown at actual size, for comparison only 

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 SO-8 packages, a lower profile 

(1 mm thick) and provides significantly improved power 

efficiency. It achieves Best-In-Class Roston) (90 mil) and reduces 

DC/DC converter power losses. This means longer battery 

run time and improved overall reliability. Use the SuperSO F-8 

FDR4420A in synchronous DC/DC converters and other 

portable applications and achieve exceptional efficiency and 

high switching speeds. 

PowerTrench 
MOSFET 

Fairchilds' new PowerTrench MOSFET 

technology is exclusively designed to achieve 

high efficiency and improved battery run 

time for DCJDC converters and other 

portable switching applications. 

contact us 
For a SuperSOT-8 FDR4420A Information Package, 

literature number 570242-001 

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

1 - 888-522-5372 

FAIRCHILD 

SEMICONDUCTOR” 
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Industrial Single 
Board Computers 

& Systems 

Half-size PC/AT ISA Bus \ZIDE!I*S 
PC/104 Compatible 

•Up to 233 MHz Pentium® Processor 
with MMX™ technology 

•Upto 256MB of DRAM 
•PCI Video w/ Flat Panel 
& CRT operations 

•PCI E(IDE) and Fast SCSI 2 
•!0Base-2/T& 
PCI )0/100Base-TX 

•Battery-Backed SRAM 
•Up to 4MB Bootable Flash 
•CompactFlash IDE compatible disk module 
•Boot Block Flash BIOS 

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

•Upto5l2MB of DRAM 
•PCI Video w/ Flat Panel & CRT operations 
•PCI EIDE & PCI Fast & Ultra SCSI 2 
• lOBase-2 / T & PCI lO/lOOBase-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® 
Processor. SPGA package 
Two dual-port PCI-to-PC Card™ I 
CardBus controller unit 
supposing 4 TYPE I or II 
or 2 TYPE III PCMCIA slots 
1MB EDO DRAM. SVGA Video 
with Flat Panel & CRT operations 
SoundBlaster™ and Windows 
Sound System (WSS) 
compatible hardware 

CompactPC! 
TEK-CPCI 
Computer Platform 

•Development system chassis with 
five 6U & three 3U CompactPCI™ slots, 
a peripheral 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-MK 
Flat Panel 
Computer System 

•VIPer s Industrial SBC 
•Active/Passive 
Matrix Color LCD 

•Extended temperature 
EL displays 

•Resistive/Capacitive 
touchscreen 

•NEMA sealed enclosures 

pentium 

U.SJCAN.: Tel: 1-800-387-4222 
U.S. Tel (561) 883-6191 - Fax <5611 883 6690 

WEB ADDRESS httpZ/www teknor.com SALES salesOteknor.com 

The IW Inside logo and Pentium are registered trademarks and MMX is a trademark 
of Intel Corporation Other trademarks are the property of their respective owners 
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Expect some waves. 

CEL 

Six Sigma Quality. 
On-Time Delivery. 
Aggressive Pricing. 

Everyone knows NEC means quality. Now you get aggressive CEL pricing, too. With stock on hand, 

we’re ready to deliver. For an Optocoupler Selection Guide, call our Fax Hotline at 800-390-3232 

and request Document #801. Better yet, call your CEL Sales Office or CEL D stributor for a quote. 

Or call us directly at 408-988-3500 - and discover why these parts are making waves. 

California Eastern Laboratories www.cei.com 

NEC is Jumping into the 
North American 

Optocoupler Market. 

DISTRIBUTORS: Reptron Electronics (888) REPTRON Bell/Milgray (800) 525-6666 Mouser Electronics (800) 346-6873 

Marsh Electronics (800) 558-1238 MCD Electronics (800) 949-4623 Electro Sonic (800) 567-6642 (Canada) 



The Broadest Selection of Hot 
Swap Power Manager™ ICs 

Will Keep Your System Running 

Large Voltage Glitch! 

UCC3912 
2A FUSE 
PTC FUSE 

When you're connecting a PCB or peripheral to an 

active bus, Unitrode’s Hot Swap Power Manager ICs 

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 

retry mode significantly reduces average FET power dissipation. 

PARTS WITH EXTERNAL MOSFET 

luh System Operation During Board Hot Snap 

PARTS WITH INTERNAL MOSFET 

Voltage Range Maximam Current RDSon 

0.1KL 
0.15Í2 
0.22Í2 
0.075L2 
0.1Í2 

Pert Number 

UCC39-2 

UCC39'5 

UCC39T6 

UCC39-8 

UCC39Í0 

3 to 8V 4A 

Z to 15V 5A 

SCSI TermPowet 2A 

3 to 67 5A 

-3 to -15V 4A 

Part Nimber 

UC1914 

UCC3917 

UCC3919 

UCC3913 

UCC3921 

Voltage Range 

45 to 35V 

7 to >1900V 

3to8V 

-7 to>-1000V 

-3to>-1900V 

Powe 

Limit 
Yes 

Yes 

Yes 

Yes 

Yes 

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 

♦ Shutdown Control 

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

— UNITRODE 
Uw-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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If You Think Omron Only Makes Relays, 
Read Between Our Lines. 

It’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 
ofd esign 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 everything Omron makes is 

100% tested, available to you world¬ 

wide, and backed 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. 

ASK FOR OUR STANDARD PRODUCTS 
CATALOG. IT S FREE! 

omRon. 
WE HAVE THE FUTURE IN CONTROL 
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Don’t just raise your expectations 
Double them. 

Inteis new Strata Flash memory. 
2x the bits in lx the space. 

Storing two bits of infor¬ 

mation per transistor, 

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 

128Mbits 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, intel .com/design/pearls 

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

iny 
The Computer Inside.™ 
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♦ 16 million step motions. 
♦ Pulse and Direction output. 
♦ 8 user I/O lines. 
♦ Simple ASCII commands. 
♦ Live serial or parallel interface. 
♦ Programmable Accel/Decei. 
♦ Programmable Rates. 
♦ Supports 64K External Memory. 
♦ Host or stand-alone operation. 
♦ Home Seek and Limit detection. 
♦ Motor power-down mode. 
♦ Externa] single-step (Jog) mode. 
♦ Program control for conditional 

branch, loop, jump commands. 
♦ Readback position, rate, etc. 
♦ Connects to full-step, half-step, 

quad-step, micro-step drivers. 
♦ Many, many more features ! 
♦ Prototyping Kit available -

can be run from PC serial port. 

The CY545 is available from stock (á 
$75/each, $50/25. $45/100, $25/lk. 
The CY550 is similar to the CY545, 
with additional on-the-fly interactive 
control for systems requiring complex 
motions. Available from stock @ 
$95/each. $75/25. $57/100. $30/lk. 

CYB-5xx prototyping kit is available 
starting at $150. Add CY545 or CY550 
chip. Wirewrap area for custom driver 
circuit. LEDs on motor signals and user¬ 
bit outputs. Optional 8-character status 
display, memory, and serial cable 
available. Free catalog on Control ICs. 

www.ControlChips.com 

Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 
Tel: 415-726-3000 ♦ Fax: 415-726-3003 

ELECTRONIC DESIGN 
EDITORIAL 

Reach Out And Confuse Someone 

One of my San Jose-based editors is lobbying me to upgrade his analog cel¬ 
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, 
so you run into problems when you’re calling outside your service 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. 
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Every Measurement 
Counts 
I here’s no room for error in your measurements. 

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: 

✓ Reduced noise via shielding and 
multi-layer board design 

✓ Better accuracy and guaranteed 
settling times at all gains 

✓ High-speed memory access 

✓ Simultaneous analog input and output 

✓ Multi-board synchronization 

✓ Flexible timing and triggering 

✓ Hands-free calibration 

✓ Complete driver software 

Software Designed for DAQ 
• LabVIEW ” the leading data 

acquisition application software 
• LabWindows/CV1 fort 
• ComponentWortts - for Visual Basic 
• Measure - for Microsoft Excel 
• Victual Bench - read/torun virtual 

instruments 

Combine performance with accuracy so you can 

Take Measurements - Not Estimates 

Call for interface availability for PCI. PXI”, Compact PCI, PCMCIA, ISA. VXI, NEC. USB. and Parallel Port. 

Family Sample Rate 
Input 

Channels Bits 
Output 

Channels Bits 
Starting 
Price* 

6110E 5 MS/s up to 4 12 2 1 16 $2195 
6070E 1.25 MS/s up to 64 12 $1795 
6040E 500kS/s 16 12 2 1 12 $995 
6030t 100 kS/s up to 64 16 ■■■■■■ $1995 
6020E 100 kS/s 16 12 2 12 $795 
6011E 20 kS/s 16 16 2 1 12 

NATIONAL 
Ä* INSTRUMENTS 
F The Software is the Instrument “ 

U.S. Corporate Headquarters 
Tel: (512) 794-0100 • Fax: (512) 794-8411 
info@natinst.com • www.natinst.com/daq 

For your FRET 
copy of "Essential 
Technologies for 
Measurements 
You Can Count On-
call: 
(800)327-9994 
(US. and Can-ida) 

Worldwide network of direct offices and distributors. 

© Copyright 1997 National Instruments Corporation. All rights reserved. 
Product and company names listed are trademarks or trade names of their respective companies. 

*U.S. prices only Visit us at booth 23053 at Quality Expo, April 21-23, Rosemont, IL 

OEMs 
Call us for 
pricing! 
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//icron’s 100 MHz SDRAM module. 
It’s the digital equivalent of an adrenaline rush. 

100 MHz SOLUTIONS 

DENSITY CONFIGURATION 

16MB 2Mb X 64/72 DIMMS 
32MB 4Mb X 64/72 DIMMS 
64MB 8Mb X 64/72 DIMMS 
128MB 16Mb X 64/72 DIMMS 

COMPONENTS ALSO AVAILABLE 

16Mb x4, x8, x16 
64Mb x4, x8, x16 

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

of 100 MHz solutions. Whether you’re looking for 16MB, 32MB, 64MB or 128MB modules, 

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

368-3900 or visit our website, www.micron.com/mti piCRON 
© 1997, Micron Technology, Inc. READER SERVICE 247 



Have your cake, 
and eat it too! 

features like Synopsys'“ 
synthesis and incremental design/pin 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 

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. 

entry, synthesis, implementation and 

■1 

J 

DWH| 41 _J 

UH a tf£(T OMRl< 

VHM 

environment. 
That's the cake. 
And now 
for the frosting. 
Foundation 
Series features 

simulation tools, and 
it's all baked into 
one powerful design 

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

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. 

mcvshcJI 
1-800-261-9602 Ext. 3224 

www.marshall.com 

(■sight 
1-888-488-4133 

www insight-electronics 

NU 
HnmzoMS 

I-888-747-NUHO 
www. nuhorizons com 

£ XILINX’ 
The Programmable Logic Company" 

0 1997 Xilinx, Inc . 2100 Lope Dnve, San Jose. CA 95124 Europe 44(932)34401. Japan (813) 3297-9.91, Asia (853 ¿424-5200 Xilinx is a registered trademart oí Xilinx. Inc 
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SAVE POWER! SAVE MONEY! 

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

■ RANGEMAX OTHER INVERTERS 

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. 

© /.iMi\/n 
MICROELECTRONICS 

Linfinity Microelectronics 
800-LMI-7011 

Fax: 714-372-3566 
www.linfinity.com 

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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TECHNOLO G Y 

Alternate UV Lithographic 
Technology Sought By Group 

In an effort to maintain the U.S.’s leadership role in the 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 pm 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. 

EUV (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 

Automated test solutions that offer high throughput 
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 mvw.jotgroup.com, or 
visit HP’s site at http://hp.com/go/tmdir. ca 

Color Field-Emission Displays 
Emerge From Laboratories 

After many years of being a laboratory curiosity, 
field-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 Inc., 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 
just 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 quart er-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 
just 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 fL (with high-brightness versions able to de¬ 
liver up to 150 fL), 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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"Re vera LSI Logic omnium W| 
MIPS Partners sane electio y 
development tools eminentium * 
sapientíssima est." 

[“Actually of all the MIPS Partners, LSI Logic is probably 

the smartest choice for leading development tools.”) 

“All the MIPS \ (I 
Partners offer y\ 
great price/per- yV 
formance. But if y 
you scored real high \ 
on your SATs, you'll 
probably choose NEC.” 

The MIPS Partners. United we stand, divided we relentlessly pursue your 



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

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

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

What a truly unique collaboration: one part collectivism, five parts capitalism. Think about it, five world¬ 
class semiconductor companies promoting the MIPS® RISC architecture, who compete for your design win. 

design, win. 
The huge benefit, of course, is choice. Each partner is a powerhouse on their own and 

produces numerous versions of this open, scalable architecture, including standard ICs, ASICs 
and ASSPs. So you're certain to get the perfect processor for your design and the optimal 

price/performance. You also get the broadest range of industry-leading tools. Which means your design flies 
into the market faster. And you can get them for considerably less than those conventional processors. 

To feel the rapture online, simply type www.TeamMIPS.com. Partners working together. Each with 
their own strengths. Competitors fighting for your business. 

As they say, "All is fair in love and design wins." 

www.Tea mH I PS.com 

LSI 

TecJinotogy, Inc. 

LOGIC 

NEC Philips 
Semiconductors TOSHIBA 

Only MIPS RISC embedded 

processors offer you the 

most incredible choice 

of price /performance, 

manufacturing expertise 

and development tools. 

SiliconGraphics 
MIPS Group 
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TECHNOLOG 

NEWSLETTE 

Photonics Association Formed 
To Boost Research, Developments 
Anew organization charged with helping to facilitate 

the promotion of research and achievements in the 
field of photonics has been formed in Colorado. 

Known as the Colorado Photonics 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) 
833-4333. ca 

Audio Products Should Create A 
Stir In Home Entertainment 

The future of home entertainment, whether in the 
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 
www.zoran.com. CA 

Monitoring Technique To Develop 
Vias Uses Micromachined Sensor 

High-yield multichip-module manufacturing on 
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/O2 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/pm) 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 
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for dynamic testing of our entire 

high-speed ADC family. 
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National's new self-calibrating 14-bit 

ADC 14061/14161. The high-speed 

high-resolution price/performance 

leader for imaging applications. 

• The industry's best linearity 

performance. 

» High-impedance signal inputs with 

built-in sample-and-hold. 

• A power-down standby mode. 

• Compact 32-lead TQFP packages. 

• National's WaveVision' evaluation 

8 

Our new 14-bit ADC14061 analog-to-digital converter combines high speed and high resolution with 

excellent linearity for imaging and scanning. Nonlinearity specifications are unbeatable, with 

0.3LSB DNL and only 0.75LSB INL. For communication applications, an SNR of 80dB at 

Nyquist sampling rates makes the ADC14161 a real winner. Looking for 12-bits and higher speed? 

National has the new 5MSPS ADC12081 and 10MSPS ADC12181 as well. Both are easy-

to-use and perfect for high-performance applications. All of which makes our new 

A/D converters the perfect choice for your next imaging and communication systems design. 

Vi»'t us at 

,com 
«ee/imageADc/ 

or call us at 

1 8°°-2 ’2 99S9 
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National Semiconductor 
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MEETINGS 

MARCH 1998 
Second Intellectual 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.southcon.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. 

IEEE International Reliability Physics Sympo¬ 
sium, Mar. 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.igigi-oup.com. 

20th IEEE International 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 7437-2-5319; e-mail: 
torii@is.aist-nara.ac.j p. 
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No.l in Prototyping 

Contact us Today to Reduce Development Time and Cost 

USA & Canada UK 
Tel.: 1 (800) 345 LPKF Tel.: +44-1344-455046 
e-mail: lpkf@northwest.com Fax:+44-1344-860547 
http://www/lpkfcadcam.com e-mail: tracks_cad@compuserve.com 

International & Germany 
Tel: +49-5131-7095-0 
Fax: +49-5131 -7095-90 
e-mail: lpkf@lpkf.de 
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accuracy and functionality at a budget friendly price. 
Now in Version 3.0, the SIA helps you identify and correct 

common-mode noise, cross talk, propagation delay, attenuation, 
reflections, drive power and timing problems. It simulates differential 
signal and multi-drop distribution designs, calculates characteristic 
impedance and more. All while it simplifies optimum connector 
selection and signal-to-ground termination patterns by defining 
optimum PCB stack-up configurations and creating lossy transmission 

Even with little SI experience, the AMPredictor Signal Integrity Analyzer lets you 
quickly simulate and analyze critical net designs for complete multi-board systems. 
Using decades of AMP interconnection design expertise, the SIA brings you simulation 

line models. It also helps evaluate and select the best drivers and receivers, and 
then simulates the complete board-to-board critical net. 

Windows 95 and NT 4.0 compatible, the SIA also includes a millivolt-drop 
power/ground plane analyzer, a library of over 350 multi-line connector models, 
including Compact PCI, and 250 on-line pages of application and high-speed 

interconnection design tutorials. 
Get 25 years of AMP signal integrity expertise to go-right into your interconnection 

design. For more information on the AMPredictor Signal Integrity Analyzer, or a free 
I copy of the evaluation software, call 1-800-524-6579, extension 2034. 

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

AMP Incorporated. Harrisburg, PA 17105-3608. 

www.amp.com/ampredictor AMP. AMPredictor. AMPSPICE and Connecting at a Higher level are trademarks. 
All other trademarks are the property of their respective owners. 
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MICREL’s LMC7I0I 
A BETTER RAIL-TO-RAIL OP AMP 

Competitor Micrel 

Micrel’s LMC7101 swings better than 5 times 
closer to the rails 

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 
(80mA sink or source) and 
swing closer to the rails 
(within 1 00mV), optimizing it 
for your more challenging 
portable systems. 

Otherwise its the same 

The Specs 
vSUPpLY =5.ov,-4O<<TA<85°c 
V0ljr 0.1V to 4.9V 

'our (SOURCING) 80mA 

'out (SINKING) 80mA 
Input Offset 7mV 

lQ 1mA 

lB 64pA 

The Good Stuff 
♦ 80mA Output Drive @5V 

♦ IttyBitty™ SOT-23-5 package 

♦ Guaranteed 2.7V, 3V, 5V 
and 12V performance 

$ 1,000 pieces @$0.62* 

part-same performance, 
same supply voltages, same 
package, same pinout¬ 
allowing direct plug-in 
replacement with no 
performance tradeoff. 

For more information, call 
us or check out our website. 

http://www.micrel.com/opamps.html 
Literature: 1-800-401-9572 
Direct: (408)944-0800 SEMICONDUCTOR 

‘recommended resale FOB U.S.A. Total Analog Solutions 
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Silicon Micro-Aligner Trims Cost And 
Yields Perfect Optical-Fiber Alignment 

This silicon-based, active micro¬ 
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 pm 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 pm. 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 

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 pN) 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 ME MS-based solution small 
enough to fit in the hermetic packages. 
The IPMA chips contain both mechan¬ 
ical and electronic 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 

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 pm in 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 
synchr otron-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. F or 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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TECHNOLOGY BREAKTHROUGH 

New Backlight Device Promises Increased 
AMLCD Performance At A Lower Cost 

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 

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. 

Although active-matrix, 
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¬ 

ogy also has achieved a 15,000:1 full 
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 

used in conjunction with 
color-sequential imaging 
(CSI) 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 

AMLCDs. The net effect of this ap¬ 
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 modem AMLCDs. 
F or information, contact Teledyne 

Lighting and Display Products at (213) 
777-0077 or by fax at (213) 242-1924. 

Cheryl Ajluni 

IEEE Environmental Meeting Explores 
Practical Solutions For Green Design 

Now in its sixth year, the IEEE In¬ 
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 Oak¬ 
brook, Ill., deliberately presents a broad 

range oftopics, allowingarare opportu¬ 
nity for management and design staff to 
gain insight into each other’s worlds. 
During the three-day conference, 18 
technical sessions will be presented in 
three concurrent tracks. Attendees will 
be able to explore 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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As data transfer rates move into the 1 gigabit range, 

Fibre Channel is becoming the interface technology of 

choice. But the Skew demon is thwarting efforts to offer 

both smaller and longer cables. 

TürboQuad™ beats the demon 
Ordinary Fibre Channel cabling utilize materials and 

processes that are subject to dielectric constant variations, 

often resulting in higher skew. 

But our patented TurboQuad'“ cable features ultra-stable 

insulation materials in a unique patent-pending design. The 

result? Low skew with margin to spare. Ideal for applications 

like Fibre Channel, Gigabit Ethernet, SSA, and Serial Express 

(IEEE 1394.2) 

For more information, call 508-752-2884; fax 508-752-4230 

or email us at sales_inq@madisonusa.ccmail.compuserve.com 

Cable assemblies are available through the following: 

Typical Skew Data For Ordinary 
Fibre Channel Cabling 

Other fibre channel cable designs create 
unacceptably high skew—the entire length 
must be inspected to find skew <200ps/30m. 

TurboQuad" cabling is designed to provide 
consistently low skew — increasing reliability 
and reducing cost. 

Manufacturing, Inc. 

Amphenol 
Interconnect 
Products 
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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 
wall 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 

Plastic Surface Mount Oscillators 

CLEAR TO 

And its 
industry 
standard 
foot print 
makes it a 
perfect fit 
for almost 
any application. 

EC1400SJ 5.0V 
EC1500SJ 3.3V 

SMT Plastic 
J-lead Oscillators 

9.5 X 12.65 X 4.5mm 

SMT ASAP WITH 
VALUE THAT’S 

The EC1400SJ and EC1500SJ have a 
1.000 to 70.000 MHz frequency range, 
rugged design and HCMOS compatibility. 
They are ideal for network products, 
modems, telecom or any application 
requiring a standard foot print and 
true surface mount features. 

Large inventory of the most popular 
frequencies available for fast shipment. 

WWW.ECLIPTEK.COM 
see our new website 
full of products and 
useful online tools. 

ECLIPTEK* 
CORPORATION 

1 -800-ECLIPTEK • (714) 433-1200 • (714) 433-1234 Fax 
email: ec1400sj@ecliptek.com • website: www.ecliptek.com 

READER SERVICE 133 

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 Tïiesday 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, I SEE’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” (TYiesday, 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 
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Designed for Windows, Active-VHDL 
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Tech Insights 

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. 

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 

Like other electronic compo¬ 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. 

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 
LM V family is being aimed at compact 
portable electronics, where space and 
power consumption are key drivers, 

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

This miniaturization of the 
LMV family is made possible 
by National Semiconductor’s 
advanced 0.8-pm silicon-gate 
biCMOS process that com¬ 

bines the speed of 
bipolar transistors 

with the low-power attributes 
of CMOS circuits (Fig.l). 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 (Fig.2). In or¬ 
der to fit the die in this package,the 
bond pads have also been reduced to 
2.8 mils2. 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-

■ Exploring advances in analog and mixed-signal Ks 
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60MHz A/D Converters 
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60MHz A/D Converters 

Power Dissipation 

Simply the Best 
Burr-Brown’s new family of CMOS 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. 

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,N = 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 
1 Vp-p. All offer low power dissipation plus a power-down mode 
to further reduce power dissipation. 

Resolution Sample Rate SNR SFDR SINAD Power Price FMLINE# Reader 
Product (Bits) (MHz) (dB) (dB) (dB) (mW) (1000s) 1-800-548-6133 Service# 

ADS830 8 60 49 73 48 180 $4.95 11429 80 

ADS831 8 80 48 65 47 265 $6.50 11430 81 

ADS822 10 40 60 70 59 190 $5.95 11385 82 

ADS823 10 60 60 74 59 265 $8.50_11386_83_ 

ADS824 10 70 59 70 55 315 $9.95 11403 84

wwwburr-brown.com 

BURR-BROWN® 

■■ 
Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FAXÍ//VF (800) 548-6133 •http://www.burr-brown.com/ 
Distributors Arrow: (800) 777-2776 • Diji-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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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 2.7 to 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 (Fig.ã). 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/ps, while drawing typically only 130 
p A 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 

While National Semiconductor has taken the pio¬ 
neering step in further shrinking the package size 
for general-purpose op amps, other major com¬ 

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 
to the SC70-5. 

Meanwhile, majoi- 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 MAX4240, in a 5-pin SOT23-5. With 
beyond the rails input and rail-to-rail output capabilities, 
the MAX4240 operates from a single +1.8 V to +5.5 V or 

dual ±0.9 V to ±2.75 V supplies. It has an input common¬ 
mode 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-kÕ. load. Plus, this amplifier provides a 
90-kHz gain-bandwidth product, and uses only 10 p A 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, Bun-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 
smaller with time, notes Skolnik. 

42 



/7esû/i/ùà/7 

Smallest 4-Ch, 12-Bit A/D 
lowest Power 

Lowest Cost 

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 multiplexer, and are complete with internal clock, S/H 
amplifier, and internal voltage reference. All 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 

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 Interlace 
• 4-Channel Single-Ended or • Alternate Source for MAX1247 

2-Channel Differential Input . 16-Lead SSOP Package 
• Up to 200kHz Conversion Rate 

Resolution „ INL uMr* Sample Rate Power SINAD Price fMLINE# Reader 
Product (Bits) ct,annels (lsB) NML (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 

www.burr-brown.com 

BURR-BROWN® 

Burr-Brown Corporation • P.O. Box 11400 • Tucson. AZ • 85734-1400 • Call (800) 548-6132 or use FAXi/Alf (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: (800) Til I'm • Digi Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l T Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 



TECH INSIGHTS FLEA-SIZED OP AMP 

instead of pMOS transistors 
(Fig. 4)- Furthermore to re¬ 
tain the ac and de 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 -0.2 to +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 
input offset voltage of 7 mV, 
average input offset voltage 

2. The 0.8-pm biCMOS process has shrunk the die of the LMV321 to 17 
by 17 mils. And the bond pad size has beeen redued to 2.8 mils2. 

drift of 5 pV/°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-kil 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 
and over 100,000 in the sourc¬ 
ing mode, National Semicon-

3. The National Semiconductor tiny op amp offers high source (a) and sink (b) currents at low 
voltages to permit a rail-to-rail swing at the output. 

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 
LM V358 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 (0jA) 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 



Communication Solutions 

• xDSL Line Interface • Digital Basestation Receiver Channel 

Ultra-Small Package, Exceptional Performance 
OPA642 and 0PA643 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 • FAXiWVf# 11190,11191 

0PA643—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 IF amplifier applications, and very low distortion 
ADC driving. 

Key Specifications: 0PA642 0PA643 
Low Distortion.-95dBc at 5MHz.-90dBc at 5MHz 

Low Noise.2.7nV/VHz.2.3nV/VHz 

Gain Bandwidth Product.210MHz.800MHz 

High Open-Loop Gain.95dB.95dB 

High Output Current.±60mA.±60mA 

Pricing from (1000s).(^7§). 

OPA642 and OPA643 are also available in 8-pin DIP, SO-8 versions 

and high grade versions. 

WWW. burr-brown.com 

BURR - BROWN® 
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TECH INSIGHTS FLEA-SIZED OP AMP 

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. 

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, 
National Semiconductor has 
subjected the LMV321 to 
thermal cycling and other life 
tests. According to National 
Semiconductor, the LMV321 
in an SC70-5 package passed 
without any rejects when 
subjected to 1000 tempera¬ 
ture cycles 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¬ 

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, 

the part is tested electrically 
for degradation, and exam¬ 
ined visually for any damage. 
The parametric 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 critical 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. 

Price And 
Availability 

The LMV321I358/324 op amps 
are in production and are avail¬ 
able now.The single op amp 

LMV321 in an SC7O-5 package is priced at 27 
cents. Likewise, the dual version LMV358 in 
an 8-pin miniSOIC package is priced at 27 
cents, and the quad LMV324 version in a 14-
pin TSSOP package is priced at 30 cents. AU 
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 
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. 

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

Your High-Frequency Solutions Partner 

READER SERVICE 228 
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to get the job done right 

and on-time. 

Power Supply - Project Aurora XYZ Corp. 

Deltron provides: 
On-site engineering assistance 

• Prototypes in two weeks 
• J.l.T. delivery 

M Series 
Moduflex* Power Supplies 

• 1,000,000 +Models 
•250 - 1500 Watts 

• 1 - 7 Outputs 
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• AC and DC Inputs 
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M ■ DM ■ VX SERIES MODUFLEX® SWITCHERS 

DESCRIPTION 
Mocuflex’ 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. 

FEATURES 
■■ UL, CSA, TÜV (IEC, EN), CE. 

■I 6 watts per cubic inch. 
1-7 outputs, 250-1500 watts. 

MB AC & DC input models. 
■ VXI rated specialty models. 

■B 120 kilohertz MOSFET design. 

■i All outputs: 
Adjustable 

Fully regulated 
Floating 
Overload and short circuit protected 

Overvoltage protected 

M Standard features include: 

System inhibit 
Load proportional DC fan output 

■B Options include: 
Auto ranger 

VME/VXI Monitor 

End fan cover 

Top fan cover 
Current Limited Outputs 

Enhanced Outputs 
Zero Preload 

M Fast delivery. 
■B Replaces expensive high density systems 

using potted modules. 

STOCKED MODELS - Available in 3 days. 

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

Max 
Power Output 1 Output 2 Output 3 Output 4 Model* 

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 

UNITS FROM STOCKED MODULES - Available in 2 weeks. 

Series 

Configuration 

Power Code 

Output #1 Code 

Configuration: Allowable quad output configurations are 42, 44, 46 and 48. 
Power Code: Choose Power Code P, R, A through D for 250-750W models. 
Output Codes: Select any outputs from the shaded area on the Output Types table 

consistent with the configuration chosen. 
Option Code: Specify Option Code. Refer to the Option table. Codes 02 (redundancy) 

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

OPTIONS 
Option Code Function 

00 None 
01 Power Fail Monitor 
02 Auto Ranger 
04 Current Limited 
08 Zero Preload 
16 Enhanced 
32 End Fan Cover* 
64 Top Fan Cover 

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 
and allowable power ratings for the N and P modules. For 
example, a 750 watt multiple will have its M type module 
configured to produce 120A @ 5V or 12A @ 48V. The 
voltage and current rating of output modules are listed in 
the table of output types. This table assigns an alpha¬ 
numeric code designating the nominal voltage rating of the 
module. 

HOWTO 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 tor 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 

DC Input 
Series 

Configuration 
Power Code 

Output #1 Code 

‘When an N or P module is used as the main output, 
the allowable power and the module current ratings 
must not be exceeded. 

Unit 

M Module 

Current Multipliers N/P Module* 
Power 

Code 

Power 

Rating 

Single 

Output 

Multiple 

Output 

Allowable 

Power Ratings 

p 250W 0.5 0.3 175W 

R 425W 0.85 0.5 250W 

A 400W 0.8 0.6 250W 

B 500W 1.0 0.8 300W 

C 600W 1.2 1.0 400W 

D 750W 1.5 1.2 500W 

Output Types* 
Output Module Type 

J K L M N/P 
Code Volts Amps Amps Amps Amps Amps 
0 2 10 20 30 100 60 
1 3.3 10 20 30 100 60 
2 5 10 20 30 100 60 
3 12 6 12 24 42 42 
4 15 5 10 20 33 33 
5 18 4 8 16 28 28 
6 24 3 6 12 21 21 
7 28 2.5 5 10 18 18 
8 36 2 4 8 14 14 
9 48 1.5 3 6 10 10 
A 2.2 10 20 30 100 60 
B 2.4 10 20 30 100 60 
C 2.7 10 20 30 100 60 
D 3 10 20 30 100 60 
E 3.6 10 20 30 100 60 
F 4 10 20 30 100 60 
G 4.5 10 20 30 100 60 
H 5.7 10 20 30 90 60 
J 6.3 10 20 30 80 60 
K 7 9 18 30 70 60 
L 8 8 16 30 62 60 
M 9 8 15 30 56 56 
N 10 7 14 30 50 50 
P 11 7 13 27 45 45 
Q 13.5 6 11 22 37 37 
R 17 5 9 18 30 30 
S 19 4 8 16 26 26 
T 21 4 7 14 24 24 
U 23 4 7 13 22 22 
V 26 3 6 12 19 19 
w 29 3 5 10 17 17 
X 32 2 5 9 16 16 
Y 40 2 4 8 13 13 
Z 44 2 4 7 12 12 

Multiple output modules of a given type are 
arranged in ascending order by voltage 
magnitude in the same sense as the output 
number sequence in the configuration 
diagrams. ‘Shaded ratings are stock. 

OUTPUT CONFIGURATIONS 
The boxes below are diagrammatic representations of the power supplies as viewed 
from the output end. The two-digit numbers above the boxes are the configuration codes. 

12_ 24_ 26 30 
#2 

K 

#1 

M 

#2 

L 

#1 

M 

#3 

K 

#2 

L 

#1 

M 

56 62 64 72 

Refer to the table below for allowable configurations by series. 

#5 
J 

#3 

K 

#2 

K 

#1 

M 

#5 
J 

#6 
J 

#1 

M 

#5 
J 

#6 
J 

#2 

K 

#1 

M 

#5 
J 

#6 
J 

#7 
J 

#1 

M 

#4 
J 

#4 
J 

#3 
J 

#2 
J 

#4 
J 

#3 
J 

#4 
J 

#3 
J 

#2 
J 

• Represents allowable configurations for the DM Series. 
X Represents allowable configurations for the M Series. 

Output 
Configuration 

Init Power Rating 
425W 500W 750W 

HELJH ■M ■n 

KH 

HHKUH 

IIIHlELlHlill 

BKZ3H 
KH 



PECIFICATIONS 

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, Voltage 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, 
Level 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. 

HOLDUPTIME 
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 floating 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 
±0.02%/°C. 

DYNAMIC RESPONSE 
Peak 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. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle 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 I. Vibration 
per MIL-STD 810-E Method 514.4, Category 1, Procedure I. 

MECHANICAL 

CASE WATTS H x W 
1 250W/425W 2.50" X 4.15" 
2 400W/500W 2.50" x 5.05" 
3 600W/750W 2.50" X 5.20” 
4 600W/750W 2.50” X 6.50" 
5 600W/750W 2.50" x 6.00" 
6 1000W 5.00" X 5.05” 
7 1500W 5.00” X 5.20” 

x L 
x 8.00" 
x 9.00” 
X 9.63" 
x 9.63" Config. 40 & 50 only. 
x 9.63” Option 32 only. 
x 10.40" 
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. 
■ 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: 
■ Square current limit with auto recovery. 
■ Single wire active current share for parallel or N+1 

redundant operation. 
■ DC output good logic signal with LED indicator. 
■ Logic inhibit. 
■ Nominal 5V bias. 

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. 

■ 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. 

OVERVOLTAGE PROTECTION 
Standard on all outputs. VX Series - standard on main output. Specifications subject to change without notice. 

--_ i 290 WISSAHICKON AVENUE, P.O. BOX 1369, NORTH WALES, PA 19454 
Ttplfrnn - / PHONE: 215-699-9261 • FAX: 215-699-2310 • TOLL FREE: 1-800-523-2332 
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Suai Op Amps uPackaged 

Voltage Feedback Op Amp for Video/lmaging 
0PA2650 is a high speed, dual, low power (50mW/ch.), voltage 
feedback op amp featuring 360MHz bandwidth and 12-bit settling 
time in only 20ns. Its low distortion is ideal for communications. Its 
wide bandwidth and voltage feedback design make it ideal for 
active filter applications. 0PA2650 is especially suited to high 
resolution video, CCD imaging and ultrasound due to its excellent 
pulse settling and DC precision. 

/ í650 is internally compensated for unity gain stability, and has 
/ ally symmetrical differential input due to its “classical” op amp 

arcuit architecture. OPA2650 is also available in single (OPA650) 
and quad (OPA4650) versions. 

Current Feedback Op Amp for Communications 
0PA2658 is a dual, ultra-wideband, low power current feedback 
video op amp featuring 1700V/ps slew rate and low differential 
gain/phase errors (0.01%/0.03°) 0PA2658's current feedback 
design allows for superior large signal bandwidth even at high 
gains. Its full power bandwidth, phase linearity and gain flatness 
make it a popular choice for communications. 

MSOP-8 Advantage 
Maximize your design options with OPA2650 and OPA2658 now 
available in MSOP-8 packaging. The same high performance 
and low power optimized for portable design! 

. Bandwidth Slew Rate lD
Product (MHz) (V/ps) 

Packaae FAXÍ/VF/ Reader 
A) racKage (800) 548-6133 Service# 

OPA2650 360 240 ±1 1 8-pin DIP, SO-8, MSOP-8 11266 102 

0PA2658 800 1700 ±10 8-pin DIP, SO-8, MSOP-8 11269 104 

www.burr-brown.com 
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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 

With 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 

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 redo 
ing the overall system component count. 

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-

On-Chip Temperature Sensor 
Recent introductions reflecting this change ai 

Analog Devices’ two new families of 10-bit ADCs. 
The AD741X and AD781x are based on a succes-

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 
years, ADCs have seen 
significant gains in per¬ 
formance as their prices 
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 
integrate more functions and seamless interfaces 
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-

sive-approximation-
register (SAR) architec¬ 
ture and a 0.6-pm 
CMOS (Fig.l). Besides 
offering special inter¬ 
faces for easy linking 
with standard micro¬ 
controllers, these ADCs 
also come with an on-
chip bandgap tempera¬ 
ture sensor. 

Aimed at thermal 
management applica¬ 
tions ranging from PCs 
to automobiles, the on-
chip temperature sen¬ 
sor allows accurate 
measurement of tho 
ambient temperature 
Analog Devices says 
the device offers an ac¬ 
curacy within ±2°C 
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 

into precise voltage readings. 
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 
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1. This functional schematic of Analog Devices' AD7817 shows a 10-bit, four-channel ADC with 
an on-chip temperature sensor, a 2.5-V reference, and a 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 ps to convert an analog 
signal into a digital representation. 
While 74lx members come with an In¬ 
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 pW at a 
throughput of 1 ksamples/s. And, in 
the Shut-Down mode, the ADCs typi¬ 
cally consume only about 2 pW. 

Analog Devices’ Mike Britchfield, 
marketing manager for general-pur¬ 
pose converters, calls the 74lx 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 8-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 
LM75 is a temperature sensor with an 
on-chip 9-bit ADC, an I2C 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 portfolio 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¬ 
egy, TI 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. 

The company’s new 10-bit ADC 
chip, the TLV1572, is designed to work 
with its 16-bit fixed-point 
TMS320C2XX DSP family. This part 
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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 de and ac specifications at 
lower voltages, he adds. Also, he con¬ 
tinues, the TLV1572’s operation from 
2.7 to 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. 
F or battery operated systems like 

PDAs, data loggers, and data-acquisi-
tion systems, Bun-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 2 mW at 5 V. 

Exar’s engineers are exploiting a 
time-interleaved SAR architecture 
and a 0.6-pm 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-Z 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-E architecture, to new 
low-price points. Only a few years ago, 
16-bit and beyond resolution A-Z 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 MAX 1400 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 
MAX 1457 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 
MAX 1457 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 
MAX 1457 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-

2. Maxim's MAX 1457 is a 12-bit, A-Z ADC optimized for digitizing sensor signals accurately. It 
uses five 16-bit DACs for digital trimming and compensating temperature errors. The calibration 
and compensation coefficients are stored in an external EEPROM. 



FLUKE 

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 
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durability. Now the new Fluke 80 
Series III DMMs push that lead even 
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safety, and make the new 80 Series 
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everything they have to offer: 
• An LED backlight on all models for 
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light conditions 
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for true peak transient capture 
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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 
to an external E E PROM. All calibration 
and compensation coefficients are 
stored in the external EEPROM. 

The MAX 1457 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 MAX1457 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-E 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 MAX 1460 
consumes less than 400 p A 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 MAX1458, also is 
coming down the line from Maxim. 

Slated for release in the second 
quarter, the MAX 1457 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 MAX 1400 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-E 16-bit ADC, the 
CS5529. 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-E 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- to 3.3-V or 4.57-
to 5.5-V supply, the AD7705/06 ADCs 
consume less than 450 p A at 3 V. Pack¬ 
aging options include 16-pin DIPs, 
SOICs, orTSSOPs. 

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’ de 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. 
F or those applications requiring 12-

bit solutions, National has unveiled 
the pipelined subranging ADC 12081 
and ADC12181, running at 5 and 10 
MHz, respectively. The 12-bit answers 
cost much more—the ADC12081 in a 
32-lead TQFP 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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Turbulence at 30,000 feet. 
Lost that Wilson account. 

New York taxi ride. 
Lost four days of data. 

Train ride to Pittsburgh 
Lost presentation 

Shaken by thrèe year old. 
Lost the next day's meeting notes. 

Between turbulence and taxicabs, 
the speed of modern life can 
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, mc’uc made sure 
mhai could bo lost foreuer mill almays bo 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 
1-800-831-9172 or visit www.murata.com. 

READER SERVICE 25 1 



NEC ENTERS FLASH MEMORY MARKET WITH 8Mb DEVICE. 

Flash memories are the fastest-
growing segment of the memory 
market and NEC is launching a 
major drive into the field. The first 
NEC offerings are 8Mb devices for 
cellular phones, digital still cameras, 

PDAs and networking products. 
The new 8Mb flash memories 

feature a single 3V power supply. 
They have a boot-block organi¬ 
zation with x8-bit or x8/16-bit 
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 Tel:1-3067-5800. 
Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541 .Fax:02-66754299. UKTel: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. 

Capacity Device Data width Supply voltage Access time Package 

PD29F008L x8 bits 2.7V-3.6V 120ns 40-pinTSOPl 
RM hire 

PD29F800L x8/16 bits 2.7V~3.6V 120ns 48-pinTSOPl 

just imagine 
NEC MULTIMEDIA NEC 
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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 1945 

For more information about Series MAT, call Tom Fischer at 
718 461 -7006 ext. 5133 or e-mail him at tfischer@kepcopower.com 

In Conirol 
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 jams 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 
• Current stabilization: 0.005% source effect, 3 mA load effect 
f £ • Long range control (300 meters) 

IT 

Model MAT 15-40 

Model MAT 100-10 
Model MAT 15 20 

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: hq@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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The Next-Generation System 
Power Management 

Part II Of A Three-Part Series Chi 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) 765-5997. 

In the first article of the series “Note¬ book Computer Makers Address 
Power Challenges” (electronic de¬ 

sign, Dec. 15,1997, p W, 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 
management loop. This was done to al¬ 

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 
general control of PM was required. 

57 

□ ACPI specification covers this area 

□ OS-specific technology, not part of ACPI 

□ Hardware /platform-specific technology, not part of ACPI 

I. Broad 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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CPU into a lower-power state) on an In-
tel-processor-based PC. C2 is a power 
state that provides more power savings 
over Cl 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 Cl. 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 (GO) 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 SI through S4. SI is defined as a 
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, S2 is 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. S4 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 S4 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 ACPI. 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 func¬ 
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 (~ 3 to 5 
s for S3 and ~ 10 to 15 s for S4) instead 

of rebooting (~ 1 to 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 ACPI. 

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 
5.0 in 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 http://developer, 
intel.com/design/mobile/intelpower. 

Neil W. Songer is a senior system ar¬ 
chitect at the Intel Mobile and Hand¬ 
held Product Group. Previously, he 
worked at IBM as a system designer. 
Sanger holds a BSE E from the Georgia 
Institute of Technology. 
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TECH INSIGHTS PRODUCTS 
PRODUCT FEATURE 

Embedded Battery Identification Chip 
Supplies Real-Time Data To Controller 

The DS2437 is a complete data-ac-
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 

The VersaPad touchpad sensor de¬ 
signed by Interlink Electronics 
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 

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 

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 capture, which allows 
users to paste hand-drawn graphics 
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 39.5 mm (active area) for 
notebook PCs and keyboards. F or 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 

the battery pack. As a result, with the 
addition of a power-supply pin, just 
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 2.7 to 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, etc. 

In lots of 10,000 units the DS2437 
sells for $3.95 apiece and is available 
from stock. 

Dallas Semiconductor Corp. 

4401 S. Bellwood Pkwy. 
Dallas, TX 75244 
Don Dias, (972)371-4415 
www. dalsemi. com 
CIRCLE 461 
DAVE BURSKY 

tail to the remote electronics. 
Both fingertip and stylus input 

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. 

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 
wakes up upon sensing touch and im¬ 
mediately starts transmitting data 
again. The sensor resists moisture, 
harsh chemicals, ESD, and EMI, and 
has a tested lifetime of five million 
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. 

546 Flynn Rd. 
Camarillo, CA 93012 
(805) 484-8855 
wm1. interlinkelec. com. 
CIRCLE 462 

LISA MALINIAK 

0.027-ln.-Thick Touchpad Sensor 
Combines Pen Input With Mouse Functions 
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With GaAs and gute, POWER SAW 
god of communications, sees 
everything's compatible. Or else... 

THE CANCELLER™ 
eliminates distortion 
and anybody else 
who gets in the 
way of design 
completion. 

Thrown everything 
at 'em and they're still 

coming! Well, being a Super 
Designer means having 

Super Friends. 

Fearing for the fate of his new 
communications system, 

the mayor looks to a Super Designer 
for a WLL solution. 

...and frequency interference 
is creating cross-talk. 

Wherever there's 
coding and de-coding, 
there's low powe 
Capt. COPEC 

W 4v

...row K. Waster is sucking up 
so much energy he could be f* 
arrested for assault on 

a battery... 



Con-grat-u-lationsü! 

And, a fast way 
to reach them!. 

GULP!!! Hope he's 
not thinking of 

running for mayor! 

( Get a whiff of this GaAs! 
That oughta stop you "freqs' 
/ from mixing it up and 
/x. making cross-talk. 

^^Capt. CODEC says.X, 
"Visit our OKI Website 
to get my Capt. CODEC 

T-shirt. It's free for Supe 
'^Designers like you/^ 

Y Cancel me this, Echo-Echo, i 
What's so quiet you can't hear it? 

You! 
. My 55ms does it every time... , 
\ You're outta my WLL! 

Hey guys! 
/The OKI Support Call. > 

Let's go. 

Pow. R. Waster's mine. Hey Waster. 
My 3V's outlasting your 5V! How's 

that for a CODEC moment! ./ 

communications designs— ■ 
Echo Cancellers, CODECs, w 
5^ W filters, GaAs amplifiers 1 
and mixers, 8-port MACs, ASICs 
and more. OKI—your one-stop 
Com (munication) IC source. 

OKI ComICs™ is i 
brought to you by \ 
OKI Semiconductor. 

Super solutions for all 
your wired and wireless 

ä Oki Semiconductor 
©1997 OKI Semiconductor 785 North Mary Avenue. Sunnyvale, CA 94086-2909. Phone. 408-720-1900. Fax: 408-720-1918 

All rights reserved. All trademarks or registered trademarks are properties of their respective owners. 
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TECH INSIGHTS 

MARKET FACTS 

ISA—XT/AT 

24.7% 

for exclusive use in 
the near future will 
unquestionably has¬ 
ten the death of the 
ISA market. When 

Source: Venture Development Corporation 

Illustration Uy: Cheryl Gloss 

CompactPCI 

11% 

PCI 

37.2% 

PCI/1SA combination 

20.1% 

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 PCI 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 

Ruggedized PC Workstation Passive Backplane 
SBC/CPU Board Shipments Worldwide 

2001 Forecast: $279 million 

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 

over PCI. CompactPCI boards have connector and card 
guides that firmly hold the boards in position. They also 
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-aii 
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 PCI/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@vdc-corp.com. 

ELECTRONIC DESIGN T ÄQuckLook 
■ Edited by Debra Schiff 

PCI And CompactPCI Chase ISA Out Of Industrial Computers 

P
riman' bus architectures for passive-backplane single- ! these features account for a comparatively higher speed 
board computer (SBC)/CPU boards used in ruggedi- ! and throughput. CompactPCI, the star architecture of the 
zed/industrial PCs worldwide are predicted to undergo ; future, is forecast to more than quadruple its share of the 

an enormous shift in the near future, thanks to the increas- ; IPC/workstation market over the next four years By 2001, 
ingly rigorous demands of today’s industrial workplace. It I it should own almost one-fifth of the world market for pas-
won’t be long before the traditional leading architectures 1 sive backplane SBC/CPU boards used in industrial .. 
like ISA and PCI/ISA take a --«-> d«»<,i„<> Honlrnlorw CompactPCI uses 
back seat. Relative newcomers 
such as CompactPCI and PCI 
will become dominant, according 
to a recently released market 
report, “The Worldwide Mar¬ 
ket for Ruggedized/Industrial 
Personal Computers/Work-
stations, Third Edition,” by 
Venture Development Cor¬ 
poration, Natick, Mass, g 
Adoption of PCI/ISA por- 1 
tends a move away from 
“ISA-only” architec¬ 
ture. The emergence of Bp 
PCI and CompactPCI |F 
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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. 

VANTIS 
1-888 826-84 7 2 http://www.vantis.com 

©1997 Vantis Corporation. MACH ts 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. 
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TECH INSIGHTS/QuiCKLooK 

INTERNET NEWS 

It’s nearly Spring, and you know what that means—time for Spring 
Internet World 98. Heki 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 

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 
Hall 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 Partlion, 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 
yours truly, who prefer the Hands-On 
Workshops. These training sessions 
are limited to 30 participants, so re¬ 
serve your 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 (March 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: umnv.intemet.com or e-mail: 
siwreg98@mecklermedia.com, but 
you can call (800) 632-5537 or fax (203) 
226-6976 for information, as well. 

—DS 



A FULL RANGE OF 
MOTION CONTROL 

ALLEGRO — The Company That Sets The Standards For Motion Control 

Unipolar Stepper-Motor 
Translator/Driver — 5804 

Complete information on many of the 
products offered by Allegro are now right on 
our web site. You'll find us on the World Wide 
Web at http://www.allegromicro.com. 

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. 

Combining low-power CMOS logic with high-
current and h;gh-voltage bipolar outputs, the 
5804 BIMOS II translator/driver provides 
complete control and drive for a four-phase 
unipolar stepper-motor. 

Visit Our ■ ■ 
New Web Site 

Dual Full-Bridge 
PWM Motor Driver — A2919 

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, 
performance, and innovation that enhance 
your ability to design complete motion 
control solutions. 

■ ±1 .3 A Continuous Output Current 
■ 50 V Output Voltage Rating 
■ 3 V to 5.5 V Logic Supply Voltage 
■ Internal PWM Current Control 
■ Fast and Slow Current Decay Modes 
■ Sleep (Low Current Consumption) Mode 
■ Crossover-Current and UVLO Protection 
■ Available in DIP and SOIC Packages 

Full-Bridge PWM Motor Driver — A3953 

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. 

The Clear Choice for Motion Control Design. 

I ■ ■ MicroSystems, Inc. 

CALL 1 15081 ALLEGRO 
115 Northeast Cutoff, Worcester, Massachusetts 01615 

http: II w w w . allegromicro, com 
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TECH INSIGHTS/QuICKLoOK 

E-Mail Goes Mainstream 

There probably aren’t many people 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, 

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 7 by 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 
• PADS PowerPCB 

... all your PCB needs • Cooper-Chyan Router 
• DFM (Design for Manufacturing) 

under one roof! 
• Analog & E.C.L.. SMT 
• Impedance Control 

I^ErMumetta 

Circuits 

^Call for a quote!! 

• Matched Line Lengths 
• Auto-Routing Services 

• Quick - Turns 

• Fast Quotes 
• Prototype & Production 
• PCMCIA and Backplanes 

~ • FR4, Polyimide, Getek, & Rogers 
• Blind & Buried Via’s 
• UL Approved & Bellcore Compliant 

• Pick & Place SMT Assembly 

(714)970-2430 Phone 
(714) 970-2406 Fax 
(714)970-5015 Modem 

ftp://ftp.murrietta.com 
http://www.murrietta.com 
email: sales@murrietta.com 

4761 E. Hunter Avenue, Anaheim, California 92807 

• Fine Pitch 
• Ball Grid Arrays 

• Double-Sided 
• Mixed Technology 
• Fast Turnarounds 
• Fast Quotes 

ISO 9001 Registration Pending 
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SIEMENS 
You wanted more, and we've got it 
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: 

Our new low-signal 
relays offer more 
of the features 
you need 

• Through-hole and surface mount 
termination options. 

• Choice of low-profile or minimal PC 
board area types. 

• Isolation meeting FCC Part 68 and 
Bellcore specs. 

• Single-pole as well as double-pole 
designs. 

• Load carrying capability to 150W or 
250VA. 

• Non-latching, single-coil latching 
and dua-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 ISO9001/QS9000 registered 
company that's been delivering 
dependable, innovative switching 
solutions for more than 60 years. 

Series V23026 V23106 V23079 V23105 V23042 

Contacts SPDT DPDT DPDT DPDT DPDT 

Dim. 
(mm) 

13x7.9x6.9h 14 x 9 x 5h 14.5 x 7.2 x 9.9h 20x9.8x12h 20.1 x 10 x 10.6h 

Contact 
Rating 

30W 
60VA 

30W 
62.5VA 

60W 
62.5VA 

60W 
125VA 

50-150W 
250VA 

Nominal 
Coil Power 

30-150mW 100-200mW 70-140mW 150-300mW 75-360mW 

Terminals Pin or SMD Pin or SMD Pin or SMD Pin Pin 

Fax Doc. # 8026 8106 8079 8105 8042 

ISO 9001 /QS-9000 
Registered Company 

Find out more... 
From the U.S. or Canada, use a 
touchtone phone and our automated 
fax-response system. Simply dial 
812.386.2561 and request the 
appropriate fax document number. 
Or follow the prompts to speak with 
your sales representative. 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 

Siemens Electromechanical Components, Inc. 
200 S. Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812-386-2072 
e-mail: info@sec.siemens.com 
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TECH INSIGHTS/QuICKLooK 

Tough Timing Specs? 
Complex Jitter Problems? 

The Solution: DTS 2075 " 
The Digital Time System DTS-2075 with the Virtual 
Instrument VI " Datacomm 1 software is a one stop solution 

for timing and jitter analysis. The DTS w ith its less than 
±30 picosecond accuracy and 800 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'h event to 131,000 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 

Virtual Instruments 

To find out more information on the product or 
for a demo call WAVECREST at 1-800-733-7128. 

WAVECREST 
A Technologies Company 

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 tne property of their respective companies. 

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: ivunv.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 

Sometimes Grabby Is Good 

For a while web casting and push technology were “the 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¬ 
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 
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Micro Springs 
1.65-12.55 nH 

Duplo 200, IDC up to 1.2 A 
Designers' Kit C108 

Mini Springs 
2.5-43nH 

Duplo 210, IDC up to 3.0 A 
Designers’ Kit C102 

Midi Springs 
22- 120 nH 

a up to 150, IDCupto3.5A 
Designers' Kit C118 

Maxi Springs 
90-558nH 

0up to200, IDCupto3.5A 
Designers’ Kit C119 

We've stretched our 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 hut 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 

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. 

TM 

Cary IL 60013 800/322-2645 Fax 847/639-1469 
WWWHtp//www.cokruft.com DNÄI4X 00/651-6974 
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_ What makes our 
micros swch a hit? 



SGS -THOMSON 

Bringing Microelectronics to Life™ 
©1997 SGS-THOMSON Microelectronics. All rights reserved. 

V  For 
More Info 

Turn Page 

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 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 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 
I/O 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 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 

Save $62 
ON AN 
ST62 

Starter Kit 

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. 

Rock Solid 
Noise 

Immunity 
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MANAGING THE DESIGN FACTORY 

Features Are Free 

At a meeting in Asia recently, I heard a mar¬ 
keteer 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 
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, a consulting firm 
specializing in product development management. He can be reached at (310) 
373-5332 or e-mail: DonReinertsen@compuserve.com. 

@IEEE 

In its ever-exhaustive efforts to 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. 
F or 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 



LOW-POWER, 
10-01120-MSPS ADC. 

TLC876 interface to 'C6x DSP 
5V 3.3V 

TMS320C6201 DSP 

2.5 V 

3.3 V 

Clock 

DRGND DGND 

Memory 

Vdd2V 

REF 

CL KOUTZ 

Image 

Sensor 

User 

Interface 

100 MHz 

Osc. 

CLKMOD [1:0] 
= 10 

(x2 Mode) 

PLLREQ[3:1] 

()11 

(200 MHz Range) 

AXWE 

Vdd 3V 
CEO 
AXOE 

TLC876 starting at only $2.89* 

► 20-MSPS /mini conversion rate 

► 107-mWftyp) power consumption 

> DNL = ±0.5LSB 

► 5-ns vs. 105-ns enable and disable times 

improve bus efficiency 

► 2-Vanalog 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 
1830-93 C 1997Tl 

Mixed Signal & Analog Texas 
Instruments 
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your power supply comes from a company EMC and lightning strike measurement facilities, so we know 

Getting your system to meet EMI 

standards can be an arduous task if 

applications already meet CE standards for both 

conducted and radiated EMI. We have our own in-house 

POWER SUPPLY 

VERY GOOD IDEA 

About the time you’re 
sending Chuck 

OUT FOR MORE TIN FOIL, 

that considers it to be your problem, not theirs. 

But at Lambda we supply solutions, not just power. Our 

100W-1000W PFC power supplies for microprocessor-based 

these supplies can stand the test of worldwide 

regulations, as well as the test of nature. 

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 

3 to 5.75 volts. There are plenty of output configurations and 

remote signal options available, so you'll find one that fits your 

To bring your products to CE compliance you don't need foil, 

ferrite chokes, and EMI gaskets - you just need to give us a call 

at 1-800-LAMBDA-4, ext. 8823. 

application without time-consuming re-design or modification. 

LAMBDAS 
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Packed with power. Presenting ACCEL EDA - the PCB design software for Windows® 

with the power to tackle todays toughest designs. ACCEL EDA's advanced features - intelligent copper 

pour, split plane support, integrated shape-based autorouter, and much more - give 

you the muscle to plow through any digital, analog or mixed-signal design. Plus, 

tailor a powerful “best of breed EDA system with seamless interfaces to 

\ iewdraw? Specctra® and CAM3507 

Call for your free 

eval software with 

multimedia tour, 

High energy support. Installation, training, support — 

ACCEL and its worldwide value-added partners begin each day eager to serve. 

or to arrange an 

on-site demo. 
Cull Us Today. See how ACCEL EDA 

helps you turn good ideas into 

powerful products. 

ACCEL Technologies, Inc. 

800 488-0680 Sales 

619 554-1000 Service 

619 554-1019 Fax 
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www.acceltech.com 

Free ACCEL EDA Seminars Throughout North America...Call 800-488-0680 To Register! 



Exploring the world of design tools that translate today's ideas into tomorrow's products 
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Design Services Provide 
More Bang For The Buck 

In A World Where Engineers Are At A Premium, These 
Services O ffer A More Practical Way Of Supplementing 
Traditional Design Methodologies. 

Cheryl Ajluni 

As technology changes, the challenges designers 
must face grow dramatically. Designers and 
companies developing products to compete in 

the consumer marketplace are continually faced 
with questions of how to keep pace with the dynam¬ 
ically changing design environment, let alone excel. 
Accomplishing this task by harnessing the power of 
todays technology without increasing design risks, 
costs, and time-to-mar-
ket, is an enormous chal¬ 
lenge. 

Advanced technolo¬ 
gies offer a myriad of op¬ 
portunities for design¬ 
ers to differentiate their 
products, push the limits 
of current design perfor¬ 
mance levels, and cut 
costs. But they also in¬ 
crease project risks sig¬ 
nificantly. As a result, 
many designers have 
turned to using design 
services now offered by 
a host of EDA tool ven¬ 
dors and independent 
service houses. These 
centers, equipped with 
the knowledge of how to design, verify, and test com¬ 
plex systems, offer viable design alternatives to sup¬ 
plement traditional EDA methodologies (see “De¬ 
sign services are business reality, ”p. 70). 

Art Courtesy: 
Praegitzer Industries 

major reasons: lack of manpower, lack of expertise in 
particular areas, and lack of specialization.” 

Ten years ago, when many companies were 
downsizing, it would have been hard to imagine the 
scenario we are faced with today: not enough engi¬ 
neers to go around. But this fact alone has con¬ 
tributed to the need for design services, which, 
among other things, offers companies a means of 

quickly supplementing 
manpower on an as-
needed basis. 

The lack of expertise in 
particular areas often be¬ 
comes apparent when a 
company deems a new 
technology or methodol¬ 
ogy necessary for a par¬ 
ticular project. An exam¬ 
ple might be using an 
HDL instead of schemat¬ 
ics. And, even if a com¬ 
pany decides to migrate 
to a new technology or 
methodology, there’s no 
guarantee its engineers 
will know how to use it. 
In addition, the process 
of training engineers is 

often lengthy, making it difficult at times for a com¬ 
pany to meet stringent time-to-market pressures. 
Design services address this need by helping to ease 
the transition to new technologies, tools, or method¬ 
ologies. And, in areas of specialization not used fre-

What's The Point? 
The concept of design services isn’t new, although 

it has taken on a stronger connotation in recent years 
(see “The ABC’s of design service,” p. 74). The ques¬ 
tion is: Why? According to Mike Baird, president, 
Willamette HDL, Beaverton, Ore., “There are three 

quently enough by a company to justify bringing the 
technology in-house, such services offer a more cost-
effective option. 

EDA tool vendors have not kept pace with the 
rapid changes required for current and future gener¬ 
ations of electronics products. As Ibm Beckley, presi-

67 
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Whatever you decide to call it, the shift from proprietary UNIX 
workstations to industry-standard Compaq Professional Workstations 
has been remarkable. Only 15 months after entering the market, we 
shipped our 100,000th workstation. A feat that took Silicon Graphics 
eight years to accomplish and Sun Microsystems six years. Our full 
range of Compaq Professional Workstations is optimized to run 

the most demanding business, technical and creative applications thanks to our innovative Highly 
Parallel System Architecture. This industry-standard architecture delivers 1.07GB/s of application memory 
bandwidth, giving performance you never thought possible from a Windows NT system. So you can run 
your demanding applications without compromise. Leading-edge applications like Verilog-XL Turbo, 
Specctra, Allegro, Quad XTK and Board Station, plus all of your day-to-day business applications, 
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dent and CEO, Xynetix, Fishers, N. Y., 
explains, “Tada/s tool architectures are 
dated, integration standards are neither 
embraced nor designed into the tools, 
and ease of use, by definition, is a major 
challenge given the varied designs that 
each EDA tool is tasked to do. Even 
more important, though, is the process 
change underway in the design environ¬ 
ment at electronics companies. Design 
complexity is forcing electrical engineers 
to solve more and more problems (signal 
integrity, EMI, thermal, etc.) simultane¬ 
ously and earlier in the design cycle.” 

In many cases, technology has be¬ 
come so complicated companies find 
themselves with problems they just 
can’t fix. Such challenges, as well as 
process, organizational, and electronics 

complexity, have made the design 
process difficult and time-consuming. 

The bottom line is that many compa¬ 
nies want to get a bigger “bang for their 
buck,” and design services offer a practi¬ 
cal way to make this happen. The rapidly 
growing adoption of design services is 
not really a paradigm shift, but rather a 
sign of maturity and of companies begin¬ 
ning to focus on theft core competencies 
while outsourcing everything else. As 
Sena Reddy, executive vice president of 
operations, MMC Networks, Sunnyvale, 
Calif., explains, “Ten years ago, if you 
wanted to build a fabless company and 
went to an investment banker for financ¬ 
ing, he would have thought you were 
crazy. On the other hand, if you went to 
an investment banker today and said 

you wanted to build a fab, he would prob¬ 
ably throw you out of his office. It’s the 
same parallel with design services and a 
sign that the world has become centers 
of competencies.” 

Benefits 
Of all the benefits derived from using 

design services, one of the most impor¬ 
tant is time-to-market. This is quite ap¬ 
parent in the consumer and communica¬ 
tions markets. Here, time-to-market is 
a driving factor, exasperated by the fact 
that there are many different combina¬ 
tions of possible derivative products a 
company can develop. 

Design service organizations also 
can help accelerate a company’s en¬ 
trance into new markets. As Peter San-

Design Services Are A Business Reality 

The economics of downsizing and the attention to core 
competencies continue to change the business para¬ 
digm in electronics. It takes a tremendous amount of 

expertise to get a product designed in today’s environ¬ 
ment. This convergence of business economics with design 
reality has made design services a major trend in electron¬ 
ics. It may be the only way to continue to meet time-to-
market demands. 

Consider the following scenario: In addition to what 
most of us consider to be core competencies of product ar¬ 
chitecture and hardware design expertise, designers also 
must have design process expertise, which encompasses 
design methodologies, test strategies, HDL coding tech¬ 
niques, and CAD tool integration and management. 

Hiring consultants, or the ability to work from a home 
office, was once discouraged. Now, they are encouraged. 
With the an-ival of the Internet, the World Wide Web, elec¬ 
tronic mail, and fax machines, the virtual office is a reality, 
along with virtual project teams comprised of internal and 
external resources. 

Our industry is now outsourcing critical and not-so-criti-
cal parts of the design process—everything from design 
concepts, design, validation and test, to layout, manufac¬ 
turing, and training. Requirements can be strategic or tac¬ 
tical, but typically depend on where help is needed to im¬ 
plement the design strategy. 

As design consultants and trainers, we’ve observed suc¬ 
cesses and areas for improvement. Some sendees are more 
readily outsourced, while other core competencies best re¬ 
main part of the internal design organization. 

In oui' experience, electronics companies are employing 
design consulting experts to devise and implement strate¬ 
gies for functional verification, modeling and system-level 
simulation methodologies. Strategies for database manage¬ 
ment, CAD-tool integration, or set-up and development of 
use models also are being outsourced. Out-of-house exper¬ 

tise is used to develop functional tests and test vectors. 
Outsourcing, as a viable business tactic, is receiving 

validation from the successful teaming of in-house design 
professionals with design consulting firms. As an exam¬ 
ple, a U.S.-based electronics company devised a creative 
solution, combining its team of design professionals with 
out-of-town design consulting for a critical design project. 
The company’s internal expertise was in product architec¬ 
ture and hardware design. The design consulting firm 
brought experience in system-level simulation, functional 
verification strategies, test-fixture development, and 
CAD-tool integration. 

The internal and external teams worked well together 
because, from the outset of the project, management out¬ 
lined responsibilities, reporting structures, and areas of ex¬ 
pertise. For the most part, communication between teams 
was done via telephone and e-mail. Consultants did not 
work at the company site. Data was transferred via elec¬ 
tronic mail, fax, and file transfer protocol (ftp). The finished 
product—an Intel processor and an ASIC with a printer, 
LCD, memory, audio, and serial interfaces—was success¬ 
fully released on time and within budget. 

In closing, let me offer you a glimpse of things to come. 
Willamette HDL had a recent experience where our design 
team never visited the customer’s Seattle, Wash., site. We 
were hired for the four-month project on a recommenda¬ 
tion by another contract engineer. We developed and deliv¬ 
ered a functional validation strategy, the test bench, and 
models for the test bench for a complex ASIC design. All 
communication was done via electronic mail, telephone, fax 
and ftp of the data. The only face-to-face meeting was by 
happenstance—an engineer on the project vacationing in 
Portland, Ore., stopped in to meet us. 

Contributed by Mike Baird, president, Willamette 
HDL, Beaverton, Ore. For more information on this 
topic, see the company's web site at unvw.whdl.com. 
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tos, director of design services market¬ 
ing, Cadence Design Systems, San 
Jose, Calif., explains, “If you are a 
world leader in televisions and want to 
go into the communications market, 
but know nothing at all about commu¬ 
nications, you might go to a design ser¬ 
vice provider to help you learn about 
this particular technology area.” 

In fact, design services are being 
viewed by CEOs as a tool to help acceler¬ 
ate business plans. As Michael Burstein, 
president, Gambit Automation Design, 
San Jose, Calif., explains, “It’s analogous 
to the concept behind manufacturing fa¬ 
cilities. You don’t wait until you can do 
everything needed to get a product to 
market, like manufacture it, to start a 
company. You simply find a company to 
do the manufacturing for you.” 

Another benefit of design services 
stems from the idea that purchasing 

and maintaining design methodologies, 
including hardware platforms and spe¬ 
cific EDA design tools, is time-consum¬ 
ing and costly. Many smaller companies 
simply don’t have the needed re¬ 
sources. As an alternative, the com¬ 
pany can establish its core competency 
and utilize design services organiza¬ 
tions to add value through specializa¬ 
tion with different design processes 
and the use of design tools. 

One difficulty that companies are fac¬ 
ing is maintaining a well-qualified staff 
of engineers who are current with the 
latest technologies. Besides the short¬ 
age of qualified engineers, many long¬ 
time company employees who do the 
same thing year after year tend to grow 
stagnant. In effect, they get “cubby 
holed” and lose their competitive edge. 
Often, it is not even by their own choice; 
they just don’t have the time to learn 

new skills. Because they specialize in 
using the latest and best EDA tools and 
work on cutting-edge designs, design 
services providers are forced to keep 
abreast of technology and tool develop¬ 
ments to remain successful. 

It is often less expensive to hire a de¬ 
sign services organization than a staff of 
captive designers. While designers are 
crucial during the company’s peak time 
when developing a commercial product, 
what happens during the downtime 
when product development has ended? 
It some cases, it may be cheaper to 
maintain a small staff of designers and 
farm out portions of the design during 
peak times. Even when companies have 
the financial resources to hire engineers 
for a particular project, they sometimes 
don’t want to make the long-term com¬ 
mitment of carrying these employees 
through the company’s downtime. Of 

The ABCs Of Design Service 

Design service is defined as any type of service provided 
to a company toward the development, testing, or 
manufacturing of a product. It entails the execution 

and nuts and bolts of a design, as well as the knowledge of 
how to drive a design. Design service organizations use 
EDA tools and other tools such as mechanical computer-
aided design (MCAD), to design ICs, packages, pc boards, 
and multichip modules (MCMs). 

Tom Beckley, president and CEO, Xynetix, Fishers, N.Y., 
explains that “there is a distinction between design services 
and EDA professional services that are generally focused on 
promoting the use and deployment of EDA products. For in¬ 
stance, Xynetix focuses on implementation services (fast-
track consulting, etc.), process optimization services (assess¬ 
ment and flow recommendations coupled with process 
characterizations), and knowledge transfer services (prod¬ 
uct training/tutorials and advanced tool implementation pro¬ 
grams), but I wouldn’t call these design services.” 

The type of design work farmed out to a design service 
organization depends on a company’s need, or lack of exper¬ 
tise in a particular area of design. Typically, most of the work 
done by design service organizations focus on the layout 
portion of a design as it tends to be less mission critical. This 
often includes, as Mike Baird, president, Willamette HDL, 
Beaverton, Ore., explains, “the minor or well-defined pieces 
of the actual design work, design verification and testing, 
some QA activities, model development, and physical layout 
work. In addition, we see companies bringing in ‘experts’ on 
the process side of things to consult when such expertise is 
lacking in the company. This is done usually with the goal of 
building up this expertise in house for subsequent projects.” 
On the other hand, architecture, logic design, and product 
planning, are often kept in-house, as this constitutes the 

core knowledge of a company’s business and technology. 
There are as many different types of design services as 

there are design services organizations. Larry Saunders, 
principal, SEVA Technologies, San Diego, Calif., divides it into 
foui’ different categories: the independent consultant, body 
shops, small service companies, and captive consultant 
groups. Saunders says that “the body shops operate in much 
the same way as an employment agency; they place designers 
in a specific company for a set contract period. The next step 
up from this is when the designers working at these ‘agencies’ 
have gained enough of a reputation to get jobs on their own. 
These people typically go off and start there own design ser¬ 
vices companies consisting of a small number of designers that 
take on service projects. The captive consultant groups—the 
largest type of design service organization—consists of com¬ 
panies like Cadence and Mentor Graphics.” 

While each these four different types of design service 
organizations have their own unique methods of operation, 
there are two trains of thought on how to approach the task 
of providing design service. In one approach—outsourc¬ 
ing—engineers are either sent into a company to do design 
work on-site as part of the company’s design team, or the 
company provides the design service organization a design 
description or netlist which it then uses to complete the as¬ 
signed task at its own facility. With the second approach— 
knowledge sourcing, as coined by Mentor Graphics—de¬ 
sign service organizations work hand in hand with a com¬ 
pany to not only help it complete a design, but teach its de¬ 
signers how to do the design task for themselves should the 
need arise in the future. Regardless of which approach is 
espoused by a design service organization, they all have the 
same end goal: to hire themselves and their expertise out to 
companies at a price. 
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course, as Cadence points out, the deci¬ 
sion to utilize design services is not al¬ 
ways related to cost, but rather time, 
measured with regard to the value of 
gaining a significant market share by 
getting to market first. 

For those companies not concerned 
with cost, design services can provide a 
unique competitive advantage. A com¬ 
pany totally driven by time-to-market, 
for example, might farm out a design to 
more than one service provider. The first 
provider to deliver a chip goes directly to 
fabrication. It’s a win-win situation for all 
involved. The company gets its product 
to market quickly, and all the service or¬ 
ganizations get paid for their efforts. 

Not to be forgotten is the benefit to 
EDA tool vendors. A design service 
provides EDA tool vendors with a way 
to expand their businesses by getting in 
on the ground floor of an industry that, 
by all accounts, is still in its infancy. More 
importantly, next-generation EDA 
tools cannot be developed in a vacuum. 
Design services offer opportunities for 
tool vendors to work with other design¬ 
ers to see how they use existing tools, 
what they would like to see in future 
tools, and what their future tool needs 
will be. Gambit’s Michael Burstein ex¬ 
plains that this is a crucial benefit since 
“in the future, EDA tool vendors offer¬ 
ing design services will differentiate 
themselves by the advanced tool tech¬ 
nology they offer, and the development 
of this technology will be aided through 
insight gained in the design service pro¬ 
jects in which they participated.” 

Risks Of Use 
There are risks that any potential 

user should know about prior to mak¬ 
ing the decision to farm out part or all of 
a design. One of the most common and 
potentially disastrous risks is hiring a 
design services organization that does 
not have appropriate experience. Al¬ 
though one might assume that by sim¬ 
ply checking resumes for past suc¬ 
cesses and experience this problem 
could be avoided, nothing could be far¬ 
ther from the truth. Part of the prob¬ 
lem, as Larry Saunders, principal, Seva 
Technologies, San Diego, Calif., ex¬ 
plains, is that “there are no licenses re¬ 
quired for this type of work, and most 
consultants would rather die than tell 
you they can’t do something.” In many 
cases, by the time a company finds out 
that the design services organization it 

hired can’t get the job done, it’s often 
too late, and it has already missed its 
time-to-market window of opportunity. 

While lack of experience is more of a 
risk when dealing with one-man opera¬ 
tions, it’s a risk every potential user of 
design services should be on the lookout 
for. And, how does a company looking to 
hire a design services organization pro¬ 
tect themselves? As Saunders explains, 
“The customer needs to verify the ser¬ 
vice provider has done what he claims he 
can do. This means conducting a skillfully 
positioned interview. You can’t just look 
at a resume. Instead, ask the service 
provider for an interview and ask them 
to demonstrate their skills. For example, 
ask them to write the code that describes 
a flip-flop acceptable to a Synopsys tool, 
or ask to see a sample of a particular de¬ 
sign task. You will know fairly quickly 
whether or not they can do what they 
claim.” If the provider has overesti¬ 
mated his skill, at least you will have 
found out up front, before investing time 
and money in a proposition that will 
likely not turn out as planned. 

According to Synopsys, Mountain 
View, Calif., “in traditional design ser¬ 
vices, the largest risk is around design 
ownership and its retention. The legal 
issues regarding intellectual property 
(IP) and residual ownership must be 
fully explored and security guaranteed. 

Clearly, customers are concerned that 
the design services company is in a posi¬ 
tion to enable their competition.” Many 
companies with their own in-house de¬ 
sign groups fear that by farming out 
part of a design, they will lose control of 
the technology. While this may be true 
to an extent with traditional outsourc¬ 
ing design services, most companies 
solve the problem by keeping their core 
competencies in-house. Another way 
around this risk is to use a knowledge 
source-based design services organiza¬ 
tion such as Mentor Graphics. 

Assuming you hired a properly 
skilled service provider that protects 
your core competencies, the next step is 
to ensure that it’s not so overwhelmed 
with other projects that yours will be 
“put on the back-burner.” If the service 
provider is overloaded, it may lack the 
resources to complete the task or mis¬ 
manage the job altogether; neither of 
which aie ideal scenarios for a company 
fighting huge time-to-market pressures. 

Another difficulty that might arise is 
if either the company hiring the service 
provider or the provider themselves 
underestimates the magnitude of the 
task. As MMC Network’s Sena Reddy 
explains, “Some engineers are brilliant; 
everything to them is simple, but to 
everyone else on the team, it’s not. If the 
effort needed to complete a task by all 
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members of the design services team is 
not well assessed prior to starting the 
job, the potential for job failure is high.” 

According to Willamette HDL’s 
Mike Baird: “The biggest risk a design 
services user faces is that the service 
company does not deliver what the 
user wants. This can be a nondelivery 
either in terms of time-frame or in qual¬ 
ity, or even what was needed. Interest¬ 
ingly enough, if you talk to the design 
services companies regarding those 
projects, you would find that often they 
would point back to the hiring company 
as providing poor or changing require¬ 
ments, or just simply not providing ad¬ 
equate information.” 

One way to minimize this risk is by en¬ 
suring a good line of communication be¬ 
tween the service provider and the hir¬ 
ing company. Having technically 
competent engineers for a given project 
isn’t enough for a service company. 
What’s also needed is strong project 
management that will facilitate commu¬ 
nication with the hiring company. In fact, 
the design services industry, realizing 
the importance of good communication, 
has resorted to the use of milestones to 
address this risk. In this manner, risk 
mitigation can be built directly into the 
project contract to protect both the hir¬ 
ing company and the service provider. 

Another reason why companies may 
be leery of utilizing design services is 
the fear of the “sales pitch.” Some worry 
that approaching a captive consulting 
group for design services might result in 
pressure to buy the vendor’s EDA tools. 
But this usually is not the case. Most 
EDA tool vendors offering design ser¬ 
vices are fully prepared to work with 
whatever design methodology and tools 
the company has embraced, regardless 
of where they came from. As Cadence’s 
Peter Santos points out, “This is the only 
way to operate since most clients still 
work with a best-in-class mentality 
which means that they typically have 
tools from a number of different ven¬ 
dors. To be successful, we have to be 
able to work with all of them.” 

And, in fact, there is some advantage 
in going to the vendor that sold you a 
tool for design services; after all, who 
would be better at trying to squeeze as 
much jierformance as possible out of the 
tools if not the tools’ inventor them¬ 
selves? And, if the reason a company 
wants to use design services is to get 
their EDA tools working or with help in 

running their tools, then going to the 
tools vendor would be a logical move. 
On the other hand, if the problem is to 
design an ASIC, then a company might 
want to go to an independent contractor 
or a small design service organization. 
The choice of what type of design service 
organization a company employs comes 
down to the company’s need. 

Service Costs 
Pricing for design services is a diffi¬ 

cult subject to broach. If the service 
providers can complete their task, such 
as verifying a design to get it to market 
as quickly as possible, then the company 
that hired them stands to make a sub¬ 
stantial amount of money. But how do 
you charge for this service? In a perfect 
world, what many service providers 
would like to receive as payment is a per¬ 
centage of what their customers save by 
using their service. Unfortunately, this is 
not always the case. In fact, there really 
is no set business model for the price of 
this type of service. 

What most service organizations 
end up charging is based on a host of 
factors that include the hiring com¬ 
pany’s culture, value-based pricing, and 
time and materials needed to complete 
a task. Some design service organiza¬ 
tions offer a fixed fee but, generally, it’s 
for specific services that have been and 
are done many times. Others charge on 
a results-based model, whereby the 
customer pays the service organization 
as certain milestones are achieved. In 
general, it’s safe to say that most pric¬ 
ing today is customized to a customer’s 
particular needs and requirements. 

The Bottom Line 
While the design services industry 

has come a long way since its beginning's 
as a means of helping customers under¬ 
stand and run EDA tools, its present in¬ 
carnation is still just scratching the sur¬ 
face of a market that’s expected to grow. 
More companies will begin to use design 
services for assistance with the design 
process. The trend is already prevalent 
in certain areas of EDA such as pc-
board design, where, for example, many 
companies farm out pc-board layout for 
their boards. But, as Steve Smith, vice 
president, Praegitzer Design, Dallas, 
Ore., points out, “While more companies 
are getting on the outsourcing band¬ 
wagon, higher-end companies still tend 
to keep everything inside.” 

• AUDIO TRANSFORMERS 

• PULSE TRANSFORMERS 

Delivery-
stock to one weelf 

• DC DC CONVERTER 
TRANSFORMERS 

MULTIPLEX DATA BUS 
TRANSFORMERS (MIL ■ T-21038) 

POWER and EMI INDUCTORS 

See EEM 
or send direct 

for Free PICO Catalog 
Call toll free 800-431 -1064 

in NY call 914 738-1400 
FAX 914 738-8225 

Electronics,Inc. 
143 Sparks Ave . Pelhem. N.Y 10803-1889 

E Mar!-HLSC73A@prodigy com 

http://www.picoelectronics.com 
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Software that makes Transformer and Inductor Design Easy! 

Now with over 5000 core models 

Download your 
FREE working Demo Kit 
from www.intusoft.com 

and 
user 

definable 

READER SERVICE NUMBER ISO 

New Circuit Design Tools 
\Ne found it! 

The missing link for CAE software. 
Featuring configurable schematics with 
access to all IsSpice simulation prop¬ 
erties; gone are the days of copying 
schematics to make new test setups or 
to run different kinds of simulations. 
Now, use your schematic as a design 

♦ Design Validator 

notebook, document key circuit configu¬ 
rations and component test data with 
the same drawing used to define your 
production design. Go even further and 
design production acceptance tests and 
fault isolation procedures. Here's the 
new product line up 

Design Validator sets a new standard for project continuity and design verification. Use 
the lsSpice4 analog and mixed mode simulator to automatically test and record circuit 
behavior. You can easily set limits and alarms that monitor design progress. 

♦ Test Designer 
The ATE specialist s standard produces acceptance test designs and fault diagnostics. 
Includes interactive and automatic methods for test sequencing and test synthesis. 

Included Layen 

i nt uso ft www.intusoft.com 
READER SERVICE NUMBER!51 

¡Code Model Propedies 

Configurations 

R1 
5k 

R1 
10« 

Open Loop 
SafeToSlart 

IS ample code model lor 
3 laplace gam block 

on QaSv 
Feedback 
OP 2 
Test 
TesÛ 

PO Box 710 San Pedro. CA90733-0710 
Tel 310-833-0710, Fax 310-833-9658 
email: info@intu5oft.com 

s xfer 
NODES 
9 
15 
Parametr 
0 

♦ ICAP/4Rx 
The prescription for 

* ICAP/4Windows 
The Professional's Design Standard 

Download your free IsSpice simulation kit, 

. App notes and model libraries 

Si — from our Web Site: 

Ret Des 
Part number 

Model 
Type 

Code Model 
Unknown type 

Nodel 
Node 2 

Code Model 
m_olt$ei 

gam 
num_coeff 
den_coell 

,314,F reduced complexity, a 
231 carefully crafted feature 
j set that gets you started at 
. a reasonable price. 

AUI 915LA 
MODEL LA 
♦ num co* 

Label | T olerance/Sweep | Fadure Moder | 

Comment Net List Pievte-

V »Vibe 
UI 
LAPLACE 
LAPLACEA1 

ICAP/4Power 
The Power Specialist’s Standard 
ICAP/4RF 
The RF Specialist’s Standard 

Configuration 

Production 
Components 

Properties 

Parameter 

MEETINGS 

APRIL 
DSP World Spring Design Conference, Apr. 

21-23. Santa Clara Convention Center, 
Santa Clara, California. Contact Liz 
Austin, Miller Freeman Inc. (888) 239-
5563, (415) 538-3848; e-mail: dsp-
world@mfi.com; www.dspworld.com. 

Southeastcon '98, April 24-26. Hy¬ 
att Regency, Orlando International 
Airport, Orlando, Florida. Contact 
Parveen Ward, ECE Dept., Uni¬ 
versity of Central Florida, Or¬ 
lando, Florida 32816;(407) 823-
2610; fax (407) 823-5835; e-mail: 
pfw@ece.engr.ucf.edu. 

16th IEEE VLSI Test Symposium, Apr. 26-30. 
Hyatt Regency Monterey, Monterey, 
CA. Contact Rob Roy, Intel Corp., 
MSJFT-102,5300 Elam Young Pkwy., 
Hillsboro, OR 97124-6497; (503) 264-
3738; fax (503) 264-9359; e-mail: 
robroy@ichips.intel.com. 

IRC Printed Circuits Expo '98, Apr. 26-30. 
Long Beach Convention Center, Long 
Beach, CA. Contact Dan Green, The 
Institute for Interconnection & Pack¬ 
aging Electronic Circuits, 2215 
Sanders Rd., Northbrook, IL 60062-
6135; (847) 509-9700 ext. 371; fax (847) 
509-9798. 

MAY 
100th ACerS Annual Meeting & Exposi¬ 

tion, May 3-6. Dr. Albert B. Sabin Con¬ 
vention Center, Cincinnati, Ohio. 
Contact The American Ceramic Soci¬ 
ety Customer Service Dept.; (614) 
794-5890; fax (614) 899-6109; e-mail: 
customersrvc@acers.org; www.ac-
ers.org. 

Conference on Lasers & Electo-Optics & 
The International Electronics Conference 
(CLEO/IEC), May 3-8. The Moscone Cen¬ 
ter, San Francisco, CA. Contact Amy 
Hutto, OSA Conference Services, 
2010 Massachusetts Ave. N.W., 
Washington, DC 20036-1023; (202) 
416-1980; fax (202) 416-6100; e-mail: 
cleo.info@osa.org. 

IEEE International Conference on Evolution¬ 
ary Computation, May 3-9. Ankorage, AK. 
Contact Patrick K. Simpson, Scien¬ 
tific Fishery Systems Inc., P.O. Box 
242065, Anchorage, AK 99524; (907) 
345-7347; fax (907) 345-9769; e-mail: 
scifish@alaska.net. 



No room? 
No Problem. Design with Fairchild TinyLogic,™ 

the smallest, fastest single-gate logic. 

SC70 actual size - 4.2mm2, speed - 2.0ns 

Cut board-space requirements up to 92%. 

I Get a TinyLogic 
I databook today! 

TinyLogic Series Specifications 

FAIRCHILD 
SEMICONDUCTOR” 

SOT23 actual size - 8.29mm2, speed - 2.0ns 

• SC70 5-lead EIAJ leads the industry as the 
smallest single-gate package. 

• SOT23 delivers a low cost, high volume 
solution for most board-space challenges. 

• UHS Series cuts propagation delays to an 
industry-leading 2.0ns. 

• TinyLogic simplifies routing and minimizes 
board layout redesigns. 

• Small footprint shrinks hand-held, portable 
and other space-constrained applications. 

• Future TinyLogic products include additional 
functions in convenient packaging options. 

www.fairchildsemi.com/offers 

1-800-459-3224 

UHS HS HST 

VCC Operating Range 1.8V-5.5V 2.0V-6.0V 4.5V-5.5V 

Propagation Delay 
(typo Vcc«5V/CL=15pF) 

2.0ns 3.5ns 6.3ns 

Output Current 
(Vcc=4.5V) 

32mA 2mA 2mA 
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EDA 

EDA WATCH 

Understanding The Roles Of CSM, PDM, 
And ERP In Product Development 

The world of product manufactur¬ 
ing has undergone a revolution in 
recent years. Consumers can 

claim credit for a big part of it, with 
their disdain for yesterday’s technol¬ 
ogy and their incessantly growing ap¬ 
petite for the fastest, latest, and 
greatest stuff. 

Product leadership is now mea¬ 
sured in months instead of years, 
which has led to the incredible shrink¬ 
ing product lifespan. As Eric Upin, a 
principal of market analysis firm 
Robertson, Stephens & Co., recently 
said, “Products have become like pro¬ 
duce: If they don’t get to market 
quickly, they rot and become useless.” 
To shrink design cycles sufficiently, we 
must increase the amount and reuse of 
third-party components, and increase 
design reuse. 

Three Key Systems 
Bridging the design, manufactur¬ 

ing, and procurement groups are 
three key information management 
systems: Component and Supplier 
Management (CSM), Product Data 
Management (PDM), and Enterprise 
Resource Planning (ERP). These sys¬ 
tems enable the three organizations to 
share data and collaborate intelli¬ 
gently on the all-important task of 
bringing quality products to market 
quickly and cost-effectively. To accom¬ 
plish this task though, it is important 
to understand not only the roles of 
each of these systems, but how they 
can work together to dramatically re¬ 
duce product costs, improve quality, 
and cut time to market. 

While all three systems span the 
product lifecycle, each system plays a 
primary role at a particular point. In 
the ideal manufacturing environ¬ 
ment, the systems are closely inte¬ 
grated, yet each is still a very inde¬ 
pendent entity. 

CSM systems bridge the gap be¬ 
tween design and procurement. They 
provide decision support software 
and content databases to help design¬ 
ers select optimal parts based on both 
business and technical criteria, and to 

promote the reuse of designs as well 
as preferred parts. They also provide 
procurement staff with the means to 
manage parts and suppliers, to con¬ 
solidate vendors, to realize volume 
discounts, and to source from a point-
of-need. CSM systems complement 
the transaction-oriented PDM and 
ERP systems. 

PDM systems link design and man¬ 
ufacturing. They enable management 
of product data vaults and structures 
and configurations, and ensure that 
the right design information is con¬ 
veyed to manufacturing at the right 
time. They manage the key release 
and engineering change orders 
(ECOs) that move the product 
throughout its lifecycle. 

ERP systems bridge manufactur¬ 
ing and procurement, ensuring that 
procurement provides the right quan¬ 
tities of the right parts at the right 
times to the right factories. Typical 
functions within ERP systems include 
order entry and purchasing execution, 
inventory management, master pro¬ 
duction scheduling, materials require¬ 
ments planning (MRP), and workload 
and capacity planning. 

Where The Savings Begin 
The pervasiveness of components 

in finished products means that a CSM 
system can make or break manufac¬ 
turers. In some industries, the compo¬ 
nent choices designers make in the 
first 10% to 20% of the design cycle 
lock in 70% to 80% of end product 
costs. Studies have shown that it costs 
only $1 to make a change in the con¬ 
ceptual phase of a product. But this 
cost rises to $10 during the simulation 
or analysis stage, $1000 during proto¬ 
type testing, and $10,000 once the 
product gets to manufacturing. 
Clearly, choosing the right component 
the first time around is critical to keep¬ 
ing costs down and squeezing through 
the ever-shrinking market windows. 

But that’s only part of the cost 
story. The industry average for intro¬ 
ducing a new part into the 
system—including testing; supplier 

evaluation; management approval; in¬ 
coming inspection; adding to stock in¬ 
ventories; and entering specifications, 
schematics, and system documenta¬ 
tion—ranges from $15,000 up to 
$25,000, with a complex component 
that requires design libraries and test 
procedures costing up to $250,000. In 
many companies with less-than-opti-
mal CSM systems, 5% to 10% of the to¬ 
tal parts in the company’s data¬ 
base—amounting to tens of thousands 
of parts—are exact duplicates or func¬ 
tionally equivalent parts. Multiplying 
out the loss is a painful ordeal. 

A strong CSM system is critical to 
cutting time-to-market. It is esti¬ 
mated that designers spend, or waste, 
10% to 30% of their time using ineffi¬ 
cient CSM tools, digging through 
bulky paper databooks with inconsis¬ 
tent data and hard-to-compare parts 
lists. Or, they could be straggling with 
CD-ROM systems which are difficult 
to access enterprise-wide and tough to 
keep up-to-date. This is time that man¬ 
ufacturers can ill afford to waste in 
their race to market. 

Keeping Products On Target 
PDM systems provide a tool to or¬ 

ganize and manage product informa¬ 
tion. They also provide workflow fea¬ 
tures to route designs to appropriate 
individuals for sign-off. 

By organizing product develop¬ 
ment information and processes, PDM 
systems cut product costs by manag¬ 
ing and automating the engineering 
review and release and change 
processes. They also reduce manufac¬ 
turing errors and cycle time by ensur¬ 
ing that the latest, most current prod¬ 
uct information is accessible. This is 
especially important in today’s global 
environment where engineering 
groups and factories are geographi¬ 
cally dispersed. 

The ideal manufacturer has tightly 
integrated his PDM and CSM sys¬ 
tems. According to Ed Miller, presi¬ 
dent of analyst group CIMdata, “A 
tight integration between PDM and 
CSM means greatly enhanced help is 
provided to engineers at the right 
time in the change process. CSM sys¬ 
tems [help] engineers search, com¬ 
pare, and select the best components 
from the best suppliers up-front, 
avoiding downstream waste and un¬ 
necessary ECOs,” says Miller. He con-



SCORE ONE MORE FOR 
THE GOOP GUYS! 

CAPTAIN, 
WE VS GOT AN ENTIRE SQUADRON 

OF RAIDER SHIPS APPROACHING FROM 
THE ZYL/NK QUADRANT. 

THOSE RAIDER 
V WEAPONS ARE CHOEJNG 1 
THEIR BUDGETS AND REMAIN 
LESS POWERPUL THAN OURS. 
SEEMS THEY CAN'T CONVERT 

MULT'PLE FPGAS INTO A 
t SINGLE ASIC. À 

FIRE AT WILL!! 

LT.REED, WHATD 

THE &2 REVEAL ABOUT THE 

RAIDER FIGHTERS? a 

7 YOU MEAN SCORE >3 
ONE MORE FOR AMI! THEIR 

NETRANS CONVERSION SERVICE 

IS STILL OUR BIGGEST . 

ADVANTAGE. 

1'300'639'7264 evt.9143 
www.amis.com 

SCORE ONE MORE FOR AMI!\n the battlefields of business, 

every advantage counts. For FPGA-to-ASIC, multiple FPGAs into one ASIC, 

or an ASIC-to-ASIC conversion, AMI’S proven NETRANS expertise ensures 

designs are optimized for size, cost and performance. And AMI conversions 

won't break budgets or schedules. Get the advantage. Get an AMI ASIC. 
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Ultra-wide viewing angle Ultra-wide viewing angle 
NL10276AC30-03 

NL128102AC31-01 NL10276AC30-01 

LCD screens in your choice 
NEC offers a broad line of top-quality TFT LCD 

screens. Our lineup gives you greater flexibility in 

designing a wide variety of systems that save space, 

save energy and look sharp. 

Analog-interface models 

Our analog-interface models are ideal for standalone 

LCD monitors. Featuring unique technology for analog 

signal processing from input to driver, our analog¬ 

interface screens give you full color with continuous 

gray-scaling. To slash your development time and cost, 

we provide CRT monitor-compatible interface boards. 

They permit direct connection with your computer’s 

standard RGB monitor interface. Analog technology also 

reduces EML For demanding applications, our “Super-

On the Internet at http://www.ic.nec.co.jp/compo/lcd/index_e.html 
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 Tel: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.Fax:03-8878014. JAPAN Tel:03-3798-6148.Fax:03-3798-6149. 



Super-Fine TFT 
Analog interface 
14.1” screen 

Analog interface 
14.1” screen 

Digital interface 
15” screen 

Digital interface 
14.1” screen 

1024x768 pixels 
Full color 
Ultra-wide viewing angle 

1024x768 pixels 
Full color 

NL10276AC28-01 

1024x768 pixels 
262,144 colors 

NL10276AC30-04 

1024x768 pixels 
262,144 colors 

NL10276AC28-05 
NL10276AC28-02 

of interface, size and color 
Fine TFT" screens feature a radically expanded viewing 

angle of ±80 degrees, up/down and left/right. 

Digital-interface models 

If you’re designing a desktop PC with integrated LCD 

screen, our digital-interface models are the optimum 

solution. They feature a low voltage differential signal¬ 

ing interface (LVDS), and display 262,144 colors. 

NEC is the only vendor who offers both analog- and 

digital-interface models. Whatever your require¬ 

ments for systems, we have a TFT LCD screen that 

will make you look your best. For more information, 

contact NEC today. 

The right components to build your reputation 

just imagine 
NEC MULTIMEDIA NEC 
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On one hand... 
We introduced the GSC20-
the world's smallest 20-watt 
D.C. switcher. 
• Extremely small footprint—no bigger than a business 
card (only 2.00" x 3.50" x 0.68") 
• 90-264VAC input 
•EMI FCC Class B,CISPR22B 
• Standard overvoltage protection 
• Fixed-frequency operation 
• Approved to UL 1950, IEC950, CSA 22.2 No.234 Level 3 
and EN60950 

• Full burn-in; 2-year warranty 

An ISO 9001 Certified Company 

On the other 
hand... 
Our new, 11 0-watt GLC75 is 
another compact innovation! 
• High-density, small footprint (just 3.40" x 5.75" x 1.56") 
• Five single-output models (5 to 28 volts) 
• Power-fail signal standard 
• Universal input: 90-264VAC 
• Built-in EMI filtering to FCC Class B,CISPR 22B 
•Overload protection with auto restart 
•Optional "L" bracket available 
• 2-year warranty 
• Approved to UL 1950, IEC950,CSA 22.2 No. 234 Level 3 
and EN60950 

' C € marked to LVD 

Call Condor today for a free catalog on our full line of D.C. power 
supplies, including the industry's largest selection of medically 
approved switchers and linears. 

ONDOR 
CONDOR D.C. POWER SUPPLIES, INC. 
A subsidiary of SL Industries, Inc. 
2311 Statham Parkway, Oxnard, CA 93033 
(805) 486-4565 • FAX (805) 487-8911 • TOLL-FREE: 1 -800-235-5929 • httpWwww.condo<power.com/~condordc 
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EDA EDA WATCH 

tinues, “PDM systems reduce ECOs 
by managing and automating the 
product release and change processes, 
and integrating them with full product 
configurations.” 

Right Place At The Right Time 
Once a product goes into produc¬ 

tion, the manufacturing systems take 
over. What were formerly known as 
materials requirements planning 
(MRP) systems are now modules of 
larger ERP systems. 

ERP’s mission is to manage the 
procurement and delivery of compo¬ 
nents, raw materials, and other re¬ 
sources to the right place at the right 
time. They leverage demand fore¬ 
casting and order scheduling to en¬ 
sure high customer satisfaction, mini¬ 
mum inventories, and maximum 
factory productivity at the lowest 
possible cost. 

Systems Integration 
While there have been attempts to 

extend the capabilities of ERP and 
PDM systems into CSM, to date 
these have been costly and inade¬ 
quate. Why? The fact that the first it¬ 
eration of Aspect’s VIP Reference 
Database required some 500 person¬ 
years of development shows a sense 
of the resource commitment required 
for an effective system. It’s a massive 
effort, not to be undertaken lightly. 
For the manufacturer, this means 
they must obtain the best CSM, 
PDM, and ERP systems, and inte¬ 
grate like crazy. 

Today there are many CSM, PDM. 
and ERP processes underway in cor¬ 
porations all around the world. Design 
reuse alone is saving companies thou¬ 
sands of designer hours and millions of 
dollars. CSM, PDM, and ERP have 
proven themselves critical tools for 
success in the lightning-paced market 
of the late. 

Contributed by James Althoff, se¬ 
nior vice president and chief technol¬ 
ogy officer for Aspect Development 
Inc., Mountain View, Calif. He holds a 
BS in Mathematics from Florida 
State University and an MS in com¬ 
puter science from the California In¬ 
stitute of Technology. 

For more information, check out 
Aspect Development’s web site at 
www.aspectdv.com, or contact Larry 
Rice at 650-526-3329. 

(AND) 4^ 

Color 
Displays °* 
Featuring: 
• TFT and passive color 
• Brightness from 70 to 1,000 nits 
• Sizes from 1.8" to 15.0" 
• Unsurpassed contrast & viewing angle 
• Control circuitry, inverters, cabling 
• Expert technical support 

Also, monochrome graphic, 
character and panel displays 

Durdu 408.523.8218 
email@purdyelectronics.com 
www.purdyelectronics.com 

Supporting electronics manufacturers for over 65 years 

READER SERVICE 186 

TECH 

http://www.techonline.com 
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How can a 

Synthesis tool be 

all things to 

all people, 

all the time? 

You'll See. 01
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EDA PRODUCTS 
PRODUCT FEATURES 

Novel Data-Manogement System Helps 
Facilitate Design Project Flow 

Virtually nothing is more time-in-
tensive during the design 
process than data management. 

It’s a burdensome, often monotonous 
task that most designers dread. Un¬ 
fortunately, it’s unavoidable, and is 
key to getting a product done right the 
first time. Offering a different ap¬ 
proach, ACCEL Technologies, San 
Diego, Calif., recently introduced AC¬ 
CEL PDM (Product Data Manage¬ 
ment). It’s a web-based product data-
management software system that 
consists of individual solutions for 
managing product data and design 
project flow. The system also aids in 
file distribution. 

Debuting initially from the ACCEL 
PDM system are ACCEL Design 
Flow, a tool for project management 
and reporting; and ACCEL View Cen¬ 
ter, a tool that offers web-based ac¬ 
cess, viewing, and distribution of de¬ 

sign files. Additional solutions are ex¬ 
pected to be released during 1998, and 
they will focus on other PDM problem 
areas. Not only will they home in on 
EDA-related data management is¬ 
sues, but those pertaining to industry 
sectors such as financial services, 
health care, textiles, lumber, and a 
host of others. 

The ACCEL Design Flow tool re¬ 
lieves much of the burden of product 
data documentation by tracking pro¬ 
jects (along with their associated 
tasks), and the flow of data, through¬ 
out the design cycle. Because it gives 
multiple design teams on demand 
equal access to the same data files, it’s 
ideal for networked users. The Design 
Flow tool defines projects by a set of 
tasks and sub-tasks that must be ac¬ 
complished for the project to be com¬ 
plete. 

The ACCEL View Center comple¬ 

ments the Design Flow tool by creat¬ 
ing a custom Intranet web site . The 
site manages distributed access of de¬ 
sign files for a variety of viewing func¬ 
tions. Files stored at the Intranet site 
are in either a native schematic and 
PCB file format, or a standard PDF 
file format. 

Both the ACCEL Design Flow and 
ACCEL View Center offerings from 
the ACCEL PDM system are avail¬ 
able now. A native 32-bit application, 
ACCEL PDM operates on the Win¬ 
dows 95 or Windows NT platforms. 
The Design Flow may be licensed for 
network use. 

Pricing depends on tool configura¬ 
tion. Contact ACCEL Technologies 
directly for specific pricing informa¬ 
tion. 

ACCEL Technologies, Inc. 

6825 Flanders Dr. 
San Diego, CA 92121 
(619) 554-1000 or 
(800) 488-0680 
www.accelfech.com 
CIRCLE 541 
CHERYL AJLUNI 

HANDLES 

Standards From Stock... Custom Designs Available. 

Engineering Catalog On Request 
Available through our distribution network 

31-07 20th Road, Astoria, NY 11105-2017 

Tel: (718) 956-8900 (800)221-5510 Fax:(718)956-9040 

Web: www.keyelco.com e-mail: kec@keyelco.com 
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INTRODUCING 

V'9OO2;; 

the most advanced and reliable capabilities brochure. 
A complete line of: 

• AC/DC fans • Thermal control fans 

• 200,000-hour long-life fans • Seno motors 

• Stepping motors • Finger guards 

• CPU coolers for up to 300 MHz 

• Notebook CPU coolers 

or www.sanyodenkiamerica.com 

and ask for our detailed 

world leader in thermal man¬ 

agement solutions. With seven 

factories, over 700 engineers 

out of 2100 I 

employees and leading-edge 

R&D, Sanyo Denki delivers 

cool today's hottest products. In 

our 70-year corporate history, 

and with over 70 million fans 

sold to date, only 

Sanyo Denki 

has earned a 

distinguished 

reputation as the 

The "who's who" of EOEMs thermal technologies available, 

team up with Sanyo Denki to Stay one step ahead of your 

cooling requirements. By 

choosing Sanyo Denki, you will 

benefit from our 

experience and 

expertise and 

have the 

satisfaction of 

knowing you've made the 

right choice. Contact us 

at 1-888-616-7987; e-mail 

generalinfo@sanyodenkiamerica.com; 

SANYO DENKI 
SANYO DENKI AMERICA, INC. 468 Amapola Are., Torrance, CA 90501 • 310-783-5400 

r 
-MC® 
109P66l2H202ß DC 12V 0.08A “AT 

06625 «a 

PRODUCTS! 

THE 
WORLD’S 
LEADING 
NOTEBOOK 
FAN! 

THE WORLD’S 
FIRST 
WATERPROOF FAN! 
Contact Us Now For 
Complete Technical Details 

A TRADITION OF TECHNOLOGICAL EXCELLENCE 

ULTIMEDIA 

THE TOTAL COOLING 
SOLUTIONS FOR 
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TelCom’s New CMOS LDOs vs. Bipolar LDOs... No Contest 

SMARTER! LOWER POWER! 

TELCOM SEMICONDUCTOR. INC. LOW-OUTPUT CURRENT LINEAR REGULATORS 

STOP 

Wasting 
Battery 
Current! 

TelCom Semiconductor, Inc.’s CMOS LDO 

f amily supersedes a wide variety of popular bipolar regu¬ 

lators, delivering superior performance at lower supply 

current levels. They deliver equal or better performance 

as their bipolar equivalents, at significantly higher lev¬ 

els of efficiency. A typical bipolar regulator has ground 

currents equal to I to 2 percent of the output load, 

whereas TelCom’s LDOs have zero ground current, re¬ 

sulting in total operating current orders of magnitude 

lower than their bipolar counterparts. 

TelCom’s LDOs can be placed in a shutdown mode, 

further enhancing their effectiveness in low-power ap¬ 

plications. In shutdown, the regulator’s total current 

draw, including input current on the Shutdown pin, is 

less than 0.5/JA . The Shutdown pin’s input leakage cur¬ 

rent on a bipolar regulator alone can be as high as 15pA ! 

This low-power operation makes TelCom’s 

family of LDOs ideal for upgrading bipolar LDOs in 

cellular phones, pagers, PDAs, laptops, hand-held 

meters, and other portable applications. 

TelCom’s LDOs are available with fixed or ad¬ 

justable outputs, supporting load currents up to 50mA, 

100mA and 150mA. They also are available in space¬ 

saving SOT-23-5 and SOT-23-6 packages, making 

them ideal for applications in tight quarters. Shutdown 

capability, thermal protection, and current limiting are 

standard in every device. Adjustable output, Error 

Flag, and noise bypass capability are provided on 

select devices. 

For more information call us at: 1-800-888-9966 or 
Visit us on the Web at: http://www.telcom-semi.com 

Note: ‘Custom Output Voltages Available - Contact TelCom Semiconductor, Inc. 

Part# Shutdown 

Reference 
Bypass 
Input 

Error 
Output Adj. 

Package 
Options Output Voltage* (V) 

Max. 
Output 
Current 
(mA) 

Max. 
Input 
Voltage 

(V) 

Active 
Supply 
Current 
(Typ.uAI 

SHDN 
Current 
(Typ- uA) 

Vowsxn 
e Max. 1“" 
(Typ. mV) 

Output 
Voltage 
Accuracy 
(Typ. %) 

TC1014 V V — — SOT-23A-5 2.5, 2.7, 2.85, 3.0. 3.3, 3.6, 4.0, 5.0 50 6.5 50 — 85 ±0.5 

TC1015 s V — — SOT-23A-5 2.5, 2.7, 2.85, 3.0. 3.3, 3.6, 4.0, 5.0 100 6.5 50 0.05 180 ±0.5 

TC1054 V — X — SOT-23A-5 2.5, 2.7, 2.85, 3.0 3.3, 3.6, 4.0, 5.0 50 6.5 50 0.05 85 ±0.5 

TC1055 V — X — SOT-23A-5 2.5, 2.7, 2.85, 3.0. 3.3, 3.6, 4.0. 5.0 100 6.5 50 0.05 180 ±0.5 

TC1070 V — — 'J SOT-23A-5 2.2 ->Vin 50 6.5 50 0.05 85 — 

TC1071 >1 — — SOT-23A-5 2.2 ->V* 100 6.5 50 0.05 180 — 

TC1072 5 V y — SOT-23A-6 2.5, 2.7, 2.85. 3.0, 3.3, 3.6, 4.0, 5.0 50 6.5 50 0.05 85 ±0.5 

TC1073 V y y — SOT-23A-6 2.5, 2.7, 2.85, 3.0, 3.3, 3.6, 4.0, 5.0 100 6.5 50 0.05 180 ±0.5 

TC1185 y y — — SOT-23A-5 2.5, 2.7, 3.0, 3.3, 5.0 150 6.5 50 0.05 270 ±0.5 

TC1186 y — y — SOT-23A-5 2.5, 2.7, 3.0, 3.3, 5.0 150 6.5 50 0.05 270 ±0.5 

TC1187 V — — y SOT-23A-5 2.2 -*V* 150 6.5 50 0.05 270 — 

w lelCom 
Semiconductor, Inc. 

1-800-888-9966 Analog & Mixed Signal 
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EDA PRODUCTS 
PRODUCT FEATURES 

(contimiedfrom page 91) 
to finding ways to deal with the many 
issues surrounding VDSM design. As 
a common database, it enables the 
Avant! tools to interoperate with co¬ 
herent design data, such as logical net 
list, electrical information, and geo¬ 
metrical information, all stored in the 
same database. 

One unusual feature of the data¬ 
base’s architecture is its ability to pre¬ 

serve point tool performance. It also 
has Turbo compression capability, en¬ 
abling compression of data and adap¬ 
tation to different data representa¬ 
tions. This feature assures efficient 
storage of massive parasitic informa¬ 
tion in compressed binary representa¬ 
tion. With its dynamic object scheme 
creation feature, the Milkyway data¬ 
base isn’t burdened with unwanted in¬ 
formation. 

Creating Solutions for 
System Control and Information Display 
Across a wide spectrum of applications, IEE has the capability to pro¬ 
vide integrated solutions to satisfy your unique requirements. Whether 
you’re looking for a cab-mounted driver information panel, a system 
control device for factory assembly, or an operator interface display 
panel for flight test equipment, IEE is the one source, the best source for 
the technology you need. 

Milkyway offers a user-friendly 
GUI that’s based on Tcl/Tk. 
SCHEME, a public domain language, 
is used as the command language by 
the place-and-route application. It 
supports third-party tool interoper¬ 
ability via standard formats and inter¬ 
faces, such as EDIF, Verilog, GDSII, 
SDF, SPF, SPEF, PDEF, and formats 
specific to Synopsys. 

Both Apollo 1998.4 and Milkyway 
are available now. Contact the com¬ 
pany directly for pricing information. 

Avant! Corp. 

46871 Bayside Pkwy. 
Fremont, CA 94538 
(510)413-8000 
www. avanticorp. com 
CIRCLE 542 
CHERYL AJLUNI 

Formal Verification 
Tool Handles Million-
Gate Designs 

It’s an undisputed fact that as de¬ signs increase in complexity and ca¬ 
pacity, traditional gate-level simula¬ 

tion begins to fall apart. Such 
simulation can no longer provide a 
level of verification acceptable to most 

designers in terms of both perfor¬ 
mance and speed. This breakdown of 
technology has opened the door for 
companies who think they’ve a better 
alternative. For instance, Synopsys 
has unveiled a formal verification tool, 
called Formality, that can perform 
equivalence checking of million-gate 
SoC designs. 

While other formal verification 
tools generally have difficulty working 
(continued on page 96) 
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Direct-Conversion Receiver IC 
Slashes Satellite Tuner Costs 
2150MHz Direct to Baseband Analog I/Q Outputs 

ANALOG \ 
□ ESIGN SOLUTIONS < 

Applications Notes • Free Samples 

WIRELESS 
Data Sheets • 

LMDS 

Wireless 
Local Loop 

Satellite 
DBS 

The MAX2102* Replaces Expensive 
Dual Downconversion Tuners in: 

DVB-Compliant 
DBS 
X, Cellular 
▼ Base Stations 

Broadband 
Systems 

»»HZIXI/H 

See inside 
for more on 

the MAX2102 

> Eliminates IF LO, IF Mixer, and SAW Filter 
> 950MHz to 2150MHz Operating Frequency 
> -19dBm to -69dBm Input Level per Carrier 
> >50dB AGC Control Range ' ~ _ 
- NF = 13.2dB 
► Input IP3 = +6.5dBm 
• Automatic Baseband Offset Correction 
• Single +5V Supply 
• Dual-Modulus Prescaler ( : 64/65) 
• Tuner Reference Design Assistance Available 



^'e Tuner on a Chip Replaces 
Canned Tuners 

Design a Tuner Directly on Your Board 
The new MAX2102 directly tunes L-band signals to baseband using a broadband I/Q downconverter. 

Its operating frequency range spans from at least 950MHz to 2150MHz. Included on-chip is an LNA with 
AGC, two downconverter mixers, an oscillator buffer with 90° quadrature generator and prescaler, and 
baseband amplifiers. 

F.co»«ecTOR 
INPUT 

MAX10® 

ore* 
OTMOO 

ISP 
UMM- — 

Q 

vco 

Designed on Maxim’s GST-2 
high-frequency bipolar process 
(with fT = 27GHz). the MAX2102 
achieves ±3° quadrature phase 
accuracy and less than 0.5dB gain 
mismatch between the I and 
channels for the entire 
frequency range. 

An input IP3 of +6.5dBm 
allows a single, discrete 
preamplifier to serve as the 
interface to a 75Q cable. The 
front end accepts carrier levels 
of -69dBm to -19dBm. and 
integrates a VGA with more 
than 50dB dynamic range. A 
large automatic gain-control 
(AGC) range is necessary to 
accommodate rainfall attenua¬ 
tion effects, differences in cable 
lengths, and less-than-perfect 
DBS parabolic-dish-antenna 
alignment. Channel selection in 
the baseband is performed by 
discrete, low-cost, lowpass LC 
filters, typically with 5th-order 

kubano 

or 7th-order response. 

Evaluation Kit Available Now! 
Order the MAX2102EVKIT-SO 

The preassembled and tested 
MAX2102EVKIT simplifies product evalua¬ 
tion. The board includes RF input. LO input, 
and I/Q baseband output SMA connectors 
for fast evaluation in a 50W environment. It 
allows testing of the 50dB AGC range, and 
permits observation of the dual-modulus 
prescaler output. 

»»kiyjxiyi/i 



2.5GHz, +7.5dBm Input IP3, 
Downconverter Mixer Operates from 
+2.7V to +5.5V 

Designed on Maxim's 27GHz fr bipolar process, the MAX2690* provides superior 
performance for wireless applications, including wireless LANs, 2.4GHz ISM, PCS, and 

cellular and cordless phones. 

• 40MHz to 2500MHz RF Input 
• 10MHz to 500MHz IF Output 
• +2.7V to +5.5V Supply Operation 
• IpA Shutdown Mode 
• High Linearity: +7.5dBm IIP3 
• 6dB to lOdB Power Gain 
• Low Power Consumption: 15mA 
(independent of voltage) 

• 10-Pin pMAX Package 
• 9.5dB Noise Figure 
• Differential IF Port 
• Future product—contact factory for availability 

Lowest Phase-Noise RF Oscillator is 
Low-Cost Alternative to VCO Modules 

MAX2620 

VcTRl 
-125dBm 
TO SYNTHESIZER 

8-Pin 
pMAX 

The MAX2620 is a low-noise RF oscillator that can operate from 
10MHz to 1050MHz. The oscillation frequency is set by an external 
varactor-controlled ceramic resonator or LC tank. The IC features a 
low-noise transistor, two buffer amplifiers, and biasing circuitry— 
including power-save circuitry that reduces the supply current from 

■2dBm 
TO MIXER 

9mA during operation to 
O.lpA in shutdown mode. 
The MAX2620 boasts su¬ 
perior supply pushing of just 
71kHz per volt of supply 
change, making it less 
sensitive to the sudden 
supply-voltage changes of 
TDMA systems. Its miniature 
8-pin pMAX package and 3V 
operation make the MAX2620 
ideal for portable wireless 
applications, such as cellular 
and cordless phones. COAXIAL 

CERAMIC RESONATOR 

g -llOdBc/Hz Phase Noise at 25kHz Offset 
Suits Your 3V Cellular Phone Design! 

>»/kiyjxi/i/i 



IW RF Power Transistors for 
True Single-Supply Operation 

Deliver IW at 900MHz with 58% Efficiency: 
Eliminate Drain Switch and Negative Bias 

The MAX2601 /MAX2602 RF power transistors are optimized for use in portable wireless equipment 
operating from three NiCd/NiMH cells or one Li+ cell. Constructed with Maxim's silicon bipolar process, 
they eliminate the need for drain switches, negative bias generators, and power-sequencing circuitry. With 
11.5dB gain at 900MHz, the MAX2601/MAX2602 are 
ideal as the final stage of a discrete or module class-C 3-CELL BATTERY 
or class-AB RF power amplifier. They come in a STACK! 
thermally enhanced 8-pin SO package, allowing 
continuous operation. In addition to the power transis¬ 
tor, the MAX2602 includes a thermal- and 
process-matched diode, which simplifies the bias 
circuitry in class-AB amplifiers. 

• 58% Efficiency with 3.6V Supply 
• 11.5dB Gain at 900MHz 
• Thermally Enhanced Package 
• Output Power: +30dBm (3.6V) 

+29dBm (3.0V) 
• True Single-Supply Operation 

The MAX2601/MAX2602 eliminate the need for a drain switch, 
negative bias generator, and power-sequencing circuitry in a 

3V, 1GHz RF Amplifiers 
Add Shutdown and Bias Control 

Upgrade INA-30311 Designs to Save Power with a O.lpA Shutdown Mode 
Maxim's new family of 3V, low-noise wideband amplifiers offers 

features unavailable from the industry-standard INA-30311. The 
MAX2631/MAX2633 add an on-chip shutdown feature, which 
reduces current consumption to less than 0. IpA to save power in 
time-division duplex radios such as cellular, cordless, and PCS 
phones. The MAX2632/MAX2633 incorporate an on-chip bias 
adjustment feature, which allows the simultaneous control of 
output power, gain, and supply current with a resistor. This allows 
you to achieve the required gain and output power at the minimum 
supply current. Maxim also offers second-source wideband ampli¬ 
fiers for 3V and 5V applications (see table). All devices are internally 
matched to 5OÍ2 and are available in tiny SOT packages. 

PERFORMANCE at 3V 

•Output power is shown at the 1dB compression point 

Part 

Supply 

Voltage 

(V) 

Supply 

Current 

(mA, typ) 

Gain (dB) 

@ 

Frequency 

(MHz) 

Features Package 
Industry 

Standard 

MAX2630 27 to 5.5 6.6 14 @900 3V S0T143 HP INA-30311 
MAX2631 27 to 5.5 66 14 @900 Shutdown S0T23-5 Maxim Proprietary 
MAX2632 27 to 5.5 6.6 14 @900 Bias Control S0T23-5 Maxim Proprietary 

MAX2633 27 to 5.5 6.6 14 @900 
Shutdown + 

Bias Control 
S0T23-6 Maxim Proprietary 

»»Hyjxiyui 



900MHz Power Amplifier Delivers 
21.4dBm from 3 Cells (3.6V)! 

Power Amp Runs from +3V to +5.5V Supply: Perfect for 900MHz 
ISM-Band Applications and as a Predriver for Cellular Power Amplifiers 

Applications Include: 
• 900MHz Cordless Phones 
• ISM Band Applications 
• Cellular Power-Amplifier 
Predriver 

• Wireless LANs 

16-Pin Narrow SO 
(available now) 

16-Pin QSOP 
(available after 
September 1997) 

• 21.4dBm Output from 3.6V (3 Cells); 20dBm from +3V Supply 
• Silicon Bipolar Design—True Single-Supply Operation 
• >30dB Gain 
• 15dB Power Control Range (with 3.6V Supply) 
• Input Matched to 50Q 
• Programmable RF Power-Envelope Ramp Time 
• Logic-Level Shutdown Control (IpA Typical Supply Current) 
• Thermally Enhanced, 16-Pin Narrow SO Package (available now) 
• Ultra-Small 16-Pin QSOP Package (available after September 1997) 

The MAX2430 RF power amplifier operates from a +3V to +5.5V supply and delivers 21.4dBm at 
900MHz from a +3.6V supply. This capability enables this low-cost device to serve as an output 
amplifier for cordless telephones and other ISM applications, and as a predriver for higher-power 
applications such as cellular telephones. 

Designed for class-AB operation, the MAX2430 consists of a large power transistor driven by a 
capacitively coupled gain stage and a driver stage. The input impedance is matched to 50Q (VSWR < 1.5) 
and the overall power gain is typically greater than 30dB. To save power during the "idle slots" in time¬ 
division multiple-access (TDMA) transmissions, a TTL/CMOS-compatible command (SHDN low) can 
throttle the MAX2430 supply current to below lOpA. 

Bypassing the BIAS input pin through an external capacitor to ground programs the RF output 
ramp rate during tum-on and turn-off. By applying an external voltage (from OV to 2V) through a diode 
to the BIAS input pin, the maximum output power can be varied over a range of greater than 15dB. 

The MAX2430 comes in a 16-pin narrow SO package. An ultra-small 16-pin QSOP packaged 
version will be available after September 1997. 

»»kiyjxiyki 



The World’s First 
The Key to Making Your DECT 

The MAX2411A* performs RF front-end ampli¬ 
fication and frequency conversion in both receive 
and transmit modes. Its unique differential IF 
interface allows a single SAW filter to serve as a 
receive and transmit IF filter. 

The MAX2511 performs IF frequency conversion, receive gain, 
transmit frequency conversion, and gain-control functions. The 
receive mixer input and the transmitter output interface directly to 
one differential SAW IF filter to save space and cost. 

The low-noise receive mixer has a unique image-rejection feature 
The MAX2411A has a 3.2dB combined down- to keep spurious signals or image noise from mixing to the second 
converter noise figure and a -12.5dBm input IP3. IF. The RSSI output has excellent dynamic range (>90dB mono-
The receive current is only 20mA with a 3.0V tonic) and linearity (±2dB error over an 80dB range). 

The MAX1007* provides for both measurement and control of numerous radio signals. Its 8-bit ADC enables peak 
detecting and measuring of RSSI and PS (power sense) signals. Its internal conditioning circuit converts a PS signal 
into a DC signal, which is then converted by the ADC. For antenna diversity, the power detector circuit compares two 
RSSI signals. 

supply, and can be reduced below 1 pA in 
shutdown. The transmit section includes an 
upconverter mixer, followed by a variable-gain 
power-amplifier predriver with +6dBm 1 dB 
^compression power._ 

The transmit image-reject mixer generates a clean output spectrum 
to minimize filter requirements. It is followed by a variable-gain 
amplifier with +2dBm maximum output power. 

The MAX1007 also includes four DACs. XDAC is designed to tune varactor diodes, while SDAC and KDAC adjust 
power-amplifier output power levels. GDAC provides bias control for GaAs amplifiers. All of the DACs are double 
buffered, allowing for simultaneous updating of the outputs. 

•Future product—contact factory for availability. 



PWT1900 Chipset 
Design Ready for the U.S. Market 

The MAX1005* includes an Rx ADC and Tx DAC plus voltage reference. In Rx mode, the ADC under¬ 
samples the data signal bandwidth centered on the IF. The ADC's 15Msps conversion speed provides for 
10-times oversampling of a 1,5MHz data signal. The wide input converter bandwidth provides for IFs in 
excess of 10.7MHz. 

The MAX1005 requires very little power (13mA in Rx mode, 5.5mA in Tx mode) while providing a high level 
of signal integrity. Supply voltage operation is guaranteed down to +2.7V and multiple shutdown modes 
are provided, including a 1 pA (max) full shutdown mode. Wakeup time from partial shutdown is just 2.5ps, 

Maxim announces the world’s first dedicated chipset solution to comply 
with the PWT1900 (TAG-6) U.S. PCS air interface standard. Based on proven 
DECT (Digital European Cordless Telephone) technology, the PWT1900 
standard is ideal for toll-quality wireless PBX, PCS, and wireless local loop 
(WLL) applications. Maxim's PWT1900 chipset provides an easy-to-implement 
adaptation of existing DECT platforms using GFSK (Gaussian Frequency Shift 
Keying) to the n/4 DQPSK modulation specified in the PWT1900 standard for 
operation in the U.S. 



High-Integration-Level 
IF Transceiver has Widest Dynamic 

Range and Image-Reject Mixers 
The MAX2511 performs 

the IF frequency conversion, 
receive gain, transmit fre¬ 
quency conversion, and gain¬ 
control functions in Maxim’s 
PWT1900 chipset. The input 
of the receive mixer and the 
output of the transmit VGA 
(variable-gain amplifier) 
interface directly to one differ¬ 
ential SAW IF filter to save 
space and cost. The first IF 
frequency can range between 
200MHz and 500MHz. 

The low-noise receive 
mixer has a unique image¬ 
rejection feature to keep 
spurious signals or image 
noise from mixing to the 
second IF frequency (typically 
around 10.7MHz). This 
feature allows a wideband 
front-end spanning over the 
entire U.S. PCS band without 
compromising performance. 
The mixer is followed by a wide-dynamic-range IF buffer that can drive an external filter. This signal is 
then fed into a limiting amplifier with 90dB of gain and a variable-gain output stage designed to drive 
the input of an analog-to-digital converter. The RSSI output has excellent dynamic range (>90dB 
monotonic) and linearity (±2dB RSSI relative error over an 80dB range). 

The transmit image-reject mixer generates a clean output spectrum to minimize filter require¬ 
ments. It is followed by a 40dB variable-gain amplifier, which maintains IM3 levels below -30dBc. 
Maximum output power is 2dBm. 

An on-chip VCO with buffer amplifier further simplifies system design. Like the MAX2411A. the 
MAX2511 features four power-supply modes for advanced system power management. The device is 
available in a space-saving 28-pin plastic QSOP package. 

• Operates from Single +2.7V to +5.5V Supply 
• Image-Reject Downconverter Mixer 
• 90dB Gain Limiting Amplifier with Adjustable Output Level 
• RSSI Function with 90dB Dynamic Range 
• Silicon Bipolar Design 
• Image-Reject Upconverter Mixer 
• +2dBm Transmit Amplifier with 40dB Gain Control Range 
• On-Chip Oscillator with Voltage Regulator and Buffer 
• Low-Power Shutdown Mode 

»»klZJXMkl 



World’s First 1.9GHz Silicon-
Bipolar RF Up/Downconverter with 
LNA & Variable-Gain PA Driver 

Part of the Maxim PWT1900 chipset, the MAX2411A* performs 
RF front-end amplification and frequency conversion in both receive 
and transmit modes. Its unique differential IF interface allows a 
single SAW filter to serve as a receive and transmit IF filter. This 
eliminates the need for an extra, costly SAW filter. 

The MAX2411A's 1.9GHz low-noise amplifier has 16dB gain 
and a 2.5dB noise figure. Its receive mixer (9dB noise figure and 
8dB gain) yields 3.2dB combined downconverter noise figure and 
-2.5dBm input IP3. The receive current is only 20mA with a 3.0V 
supply and can be reduced to less than IpA when pulling the 
logic-compatible enable pins low. The transmit section includes 
an upconverter mixer that generates -lldBm at IdB compres¬ 
sion, followed by a power amplifier (PA) predriver with 14dB gain 
and +5dBm IdB compression power. The predriver’s gain is 
adjustable over a >20dB range for system gain and output power 
adjustment. 

The MAX2411A comes in a 28-pin miniature plastic QSOP. 
* Future product—contact factory for engineering samples. 

Most Complete IF Transceiver for 
PCS Has Widest Dynamic Range 

MAX2510*: 
• Operates from Single 
2.7V to +5.5V Supply 

• Unique, Wide-Dynamic-Range 
Downconverter Mixer 

• 90dB Gain Limiting Amplifier 
Directly Drives CMOS Input 

• RSSI Function with 90dB 
Dynamic Range 

• I/Q Transmitter with 42dB 
Sideband Rejection 

• +2dBm Transmit Amplifier 
with 40dB Gain Control Range 

• Low Supply Current (13.5mA 
Rx, 18.5mA to 32mA Tx) 

• Low-Power Shutdown Mode 
(<lpA) 

• Future product—contact factory for engineering samples 

»»kiyjxiypi 



Ultra-Low-Power IF Undersampler: 
TDMA Ready! 

The MAX 1005* includes an analog-to-digital converter (ADC) and digital-to-analog converter (DAC) 
plus voltage reference for time-division duplex (TDD) applications. In receive (Rx) mode, the ADC is 
used to sample IF. The ADC’s fast 15Msps conversion rate and wide input bandwidth allows for use of 
undersampling techniques. In the PWT1900 application, the ADC converts a 1.5MHz bandwidth signal 
centered at an IF of 10.7MHz. In transmit (Tx) mode, the DAC converts digital data from the modem 
into an analog IF Tx signal at 15Msps. 

The MAX 1005 use very little power (13mA in Rx mode and 5.5mA in Tx mode) while providing a 
high level of signal integrity. Supply voltage operation is guaranteed down to +2.7V and multiple 
shutdown modes are provided, including a IpA (max) full shutdown mode. 

for 

txen 

CLK CLOCK 

16-Pin 
QSOP 

UK 
fl-

Wakeup time from partial shutdown is just 2.5ps, providing 
power savings even during short periods of idle time. 

The MAX 1005 and MAX2511 combination provides a 
significant cost savings. These devices are designed to cut 
component cost and size by using the same IF filter for both 
Tx and Rx filtering. 
• 15Msps, 5-Bit ADC with 4.5 ENOB 
• 15Msps, 7-Bit DAC with 28dB SFDR 
(at 10.7MHz Output) 

• Low-Noise Internal Reference 
• Single-Supply Operation (+2.7V to +5.5V) 
• Low Power: 

• 13mA typical at 15Msps (Rx mode) 
• IpA max in Shutdown 

• Small Height and Footprint: QSOP-16 

DO 

!NTEHf*CE 02 

D3 

' Future product—contact factory for engineering samples 

Highest Performance, Dual 6-Bit 
60Msps/90Msps ADCs 
Improve Your Demodulator Performance 

The MAX1002/MAX1003 dual 
analog-to-digital converters (ADCs) 
digitize the analog baseband I and Q 
vector outputs of QPSK and QAM-16 
(16-position quadrature amplitude 
modulation) IF downconverters or 
tuners into two parallel. 6-bit, offset 
binary-coded digital outputs. They 
operate at sampling rates of 60Msps 
(MAX 1002) and 90Msps (MAX 1003) 
while achieving typical integral and 
differential nonlinearity of less than 
0.25LSB. 

These ADCs are designed for use in 
direct-broadcast satellite (DBS) receivers, 
MMDS and HFC cable modems, and 
wireless data communications. 

For the highest dynamic performance and best design flexibility with low power 
dissipation, choose the MAX1002/MAX1003 for your next-generation DBS/DVB 
or QPSK receiver application. 

»»PMIXI/PI 



Image-Reject RF Transceiver 
Ideal for Low-Cost 900MHz Radios 

High Integration Level and Image Reject 
Simplify System Architecture, Saving Cost and Space 
The MAX2420* RF transceiver is designed for applications such as cordless phones, 

wireless modems, and RF transceivers. The device includes a programmable-gain low-noise amplifier, 
image-reject downconverter, VCO, divide-by-64/65 prescaler, transmit variable-gain amplifier, image¬ 
reject upconverter, and PA driver—all on 
a single IC! Typically only a low-cost 
CMOS PLL synthesizer, an IF amplifier, 
and a power amplifier are needed to 
complete a 900MHz two-way radio trans¬ 
ceiver. 

The image-reject feature allows the 
use of a very low IF frequency without 
adding steep filters or compromising 
receiver performance due to interference 
at the image frequency. This eliminates 
the need for a second frequency conver¬ 
sion, saving cost and space. On the 
transmit side, the image-reject mixer 
greatly reduces filtering requirements . . . 
or eliminates filters altogether. 

The MAX2420’s low-noise amplifier, 
with 1.8dB noise figure, yields excellent 
combined downconverter noise figure of 
just 4dB with -17dBm input IP3. LNA 
gain is adjustable to increase receiver 
dynamic range (up to +2dBm input IP3). 
The internal VCO exhibits phase noise of 
just -84dBc/Hz at 10kHz offset. The 
prescaler can either be used in divide-by-
64/65 mode in conjunction with a CMOS 

The MAX2420 includes a multitude of functions needed in a 900MHz radios, 
saving cost and space 

PLL. or in buffer mode with a BiCMOS synthesizer. The transmitter includes a variable-gain amplifier 
with more than 36dB of control range, the image-reject upconverter, and a OdBm amplifier that can be 
used either to drive an external power amplifier or to drive the antenna directly. 

The MAX2420 is optimized for 10.7MHz receive and transmit intermediate frequencies. Future 
members of this product family will be optimized for IFs of 45MHz, 70MHz, and 110MHz. Further 
members of the family will replace the transmit image-reject mixer with a balanced mixer, which can 
be used as a balanced modulator or LO buffer. Receive-only versions will also be available. The 
MAX2420 comes in a 28-pin SSOP package. 
•Future product—contact factory for availability 

Our Web Site at http://www.maxim-ic.com is the fastest, 
easiest way to get Maxim data sheets and free samples. 

Visit it today! 
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Wireless/RF Products 
Input Input l/Q Gain l/Q Phase AGC Pins- Price 

Part Supply Frequency Bandwidth Balance Balance Range Package 25,000-up 
Number Voltage (V) (MHz) (MHz) (dB) (degrees) (dB) Options* Features Applications (S) 
SATELLITE RECEIVER PRODUCTS_ 
MAX2101 4.75 to 5.25 400 to 700 60 0.5 1.5 40 100-MQFP l/Q demodulator with dual 5th-order Butterworth filters. DBS. VSAT 11.49 

10MHz to 30MHz bandwidth, and dual 6-bit ADCs 
MAX2102 4.75 to 5.25 950 to 2150 120 0.5 3(max) 50 28-SO Direct downconversion tuner IC, tunes L-band DBS, DAB 4.00 

to baseband I and Q 

* Package Options: MQFP = Modular Quad Flat Pack, SO = Small Outline, SSOP = Shrink Small-Outline Package, QSOP = Quarter Small-
** Depending on LNA gain setting. 
t Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates, 
tt Future product—contact factory for pricing and availability. Specifications are preliminary. 
NOTE: IF = Intermediate Frequency, l/Q = In-Phase/Quadrature-Phase, VGA = variable-gain amplifier 

Supply IF IF l/Q Gain l/Q Phase Pins- Pricet 
Part Supply Current Frequency Bandwidth Balance Balance Package 1000-up 
Number Voltage (V) (mA) (MHz) (MHz) (dB) (degrees) Options* Features Applications ($) 
MODULATORS AND DEMODULATORS 

MAX2450 2.7 to 3.3 5.9 70 9 0.45 3 20-SO, 70MHz l/Q modulator/demodulator with on-chip Cellular, ISM, 3.99 
20-QSOP VCO and quad generator, shutdown mode WLANs 

MAX2451 2.7 to 3.3 5.5 70 9 0.45 3 16-SO 70MHz l/Q demodulator with on-chip VCO Cellular, ISM, 3.23 
and quad generator, shutdown mode WLANs 

MAX2452 2.7 to 3.3 4.1 70 15 0.45 3 16-SO 70MHz l/Q modulator with on-chip VCO Cellular, ISM. 3.23 
and quad generator, shutdown mode WLANs 

Noise Transmit RF IF Pins- Price 
Part Supply Input IP3*’ Figure Output Frequency Frequency Package 1000-up 
Number Voltage (V) (dBm) (dB) (dBm) (MHztyp) (MHztyp) Options* Features Applications ($) 
UPCONVERTERS AND DOWNCONVERTERS 

MAX2420/1/2 2.7 to 4 8 -17/-8/+2 4 0 800 to 1000 10/46/70 28-SSOP Image-reject up/downconverter with VCO, prescaler, Cordless phones, cellular tt 
30dB transmit VGA, programmable-gain LNA, and phones, ISM spread 
OdBm PA predriver; high-side LO injection spectrum, RF transceivers 

MAX2426 2.7 to 4.8 -17/-8/+2 4 -3 800 to 1000 70 28-SSOP Image-reject up/downconverter with VCO, prescaler, Cordless phones, ISM tt 
balanced transmit modulator, programmable-gain spread spectrum, RF 
LNA, and OdBm PA predriver; high-side LO injection transceivers 

MAX2440/1/2 2.7 to 4.8 -17/-8/+2 4 — 800 to 1000 10/46/70 28-SSOP Image-reject downconverter with VCO. prescaler, and Cordless phones, ISM spread tt 
programmable-gain LNA; high-side LO injection spectrum, RF receivers 

MAX2460 2.7 to 4.8 -17/-8/+2 4 0 800 to 1000 10 28-SSOP Image-reject downconverter with balanced transmit Cordless phones. ISM 
modulator. VCO, prescaler, programmable-gain spread spectrum, RF 
LNA, and OdBm PA predriver; low-side LO injection transceivers 

MAX2662 2.7 to 5.5 12(OIP3) 9 -1 40 to 2500 10 to 500 SOT23-6 Low-noise, low-voltage upconverter with 15mA Hand-held receivers. WLANs, tt 
supply current, 1 pA shutdown ISM PCS, portable phones 

MAX2670 2.7 to 5.5 10(OIP3) 9 -8 40 to 2500 10 to 500 SOT23-6 Low-noise, low-voltage upconverter with 9mA Hand-held receivers, WLANs, tt 
supply current. 1pA shutdown, buffered LO ISM PCS, portable phones 

MAX2672 2.7 to 5.5 12(OIP3) 9 -1 40 to 2500 10 to 500 SOT23-6 Low-noise, low-voltage upconverter with 15mA Hand-held receivers, WLANs, tt 
supply current. 1 pA shutdown ISM PCS. portable phones 

MAX2673 2.7 to 5.5 12(OIP3) 9 -1 40 to 2500 10 to 500 8-pMAX Low-noise, low-voltage upconverter with 15mA Hand-held receivers, WLANs, tt 
supply current, 1pA shutdown, differential inputs ISM PCS, portable phones 

MAX2690 2.7 to 5.5 7.5 9.5 — 40 to 2500 10 to 500 10-pMAX Low-noise, 95dB NF. low-voltage downconverter Hand-held receivers. WLANs, tt 
with 15mA supply current, 1pA shutdown, ISM PCS, portable phones 
differential IF port 



Image-Reject RF Transceiver 
Ideal for Low-Cost 900MHz Radios 

High Integration Level and Image Reject 
Simplify System Architecture, Saving Cost and Space 
The MAX2420* RF transceiver is designed for applications such as cordless phones. 

wireless modems, and RF transceivers. The device includes a programmable-gain low-noise amplifier, 
image-reject downconverter, VCO, divide-by-64/65 prescaler, transmit variable-gain amplifier, image¬ 
reject upconverter, and PA driver—all on 
a single IC! Typically only a low-cost 
CMOS PLL synthesizer, an IF amplifier, 
and a power amplifier are needed to 
complete a 900MHz two-way radio trans¬ 
ceiver. 

The image-reject feature allows the 
use of a very low IF frequency without 
adding steep filters or compromising 
receiver performance due to interference 
at the image frequency. This eliminates 
the need for a second frequency conver¬ 
sion, saving cost and space. On the 
transmit side, the image-reject mixer 
greatly reduces filtering requirements . . . 
or eliminates filters altogether. 

The MAX2420’s low-noise amplifier, 
with 1.8dB noise figure, yields excellent 
combined downconverter noise figure of 
just 4dB with -17dBm input IP3. LNA 
gain is adjustable to increase receiver 
dynamic range (up to +2dBm input IP3). 
The internal VCO exhibits phase noise of 
just -84dBc/Hz at 10kHz offset. The 
prescaler can either be used in divide-by-
64/65 mode in conjunction with a CMOS 
PLL. or in buffer mode with a BiCMOS synthesizer. The transmitter includes a variable-gain amplifier 
with more than 36dB of control range, the image-reject upconverter, and a OdBm amplifier that can be 
used either to drive an external power amplifier or to drive the antenna directly. 

The MAX2420 includes a multitude of functions needed in a 900MHz radios, 
saving cost and space 

The MAX2420 is optimized for 10.7MHz receive and transmit intermediate frequencies. Future 
members of this product family will be optimized for IFs of 45MHz, 70MHz, and 110MHz. Further 
members of the family will replace the transmit image-reject mixer with a balanced mixer, which can 
be used as a balanced modulator or LO buffer. Receive-only versions will also be available. The 
MAX2420 comes in a 28-pin SSOP package. 
•Future product—contact factory for availability 

Our Web Site at http://www.maxim-ic.com is the fastest, 
easiest way to get Maxim data sheets and free samples. 

Visit it today! 
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Complete Power-Management 
Solutions for Wireless Systems 

1 Lk GSM & JAPANESE DIGITAL PHONE SUPPLY 2 Lk CDMA PHONE SUPPLY 

LOW-NOISE 
NEGATIVE 

GaAsFET BIAS 
MAX768 
MAX828/9 
MAX84Q/3/4 
MM850/1/2/3 
MM8864/5 

4-CELL AMPS PHONE SUPPLY 

4 0R5NI CELLS 
2 Lk CELLS n 

1-CELL CORDLESS & PCS PHONE SUPPLY 

95% Efficient, Low-Noise Step-Up Delivers 800mA from 1-3 Cells 

FEATURED PRODUCT 

RADIO 
BASEBAND 

300kHz 
PWM 

STEP-UP 

/VI /I XI /VI 
MAX1705/MAX1706 

OUTPUT 2 
1.25V to 5.0V 
up to 200mA 

INPUT 
0.7V min 

MAX 1705 EV Kit 
Speeds Designs 

Dual-Output Phone DC-DC 
Supplies Power Amp and Low-Noise 
Circuits 

NiCd 
or 

NiMH 
or 

1 LI+ LOW-DROPOUT 
LINEAR 

REGULATOR 

SAME SIZE! 
MORE FEATURES! 

MAX1705/MAX1706: 
• 0.7V to 5.5V Input Range 
• 1.1V Guaranteed Start-Up 
• Step-Up Output (2.5V to 
5.5V adj.) 

• Linear Regulator Output 
(1.25V to 5.0V adj.) 

• IpA Shutdown Current 
• Pushbutton On/Off 
Control 

8-Pin SO 16-PinQSOP 

© 
POWER^J 
AMP 

OUTPUT 1 
up to 5.5V 

up to 600mA 

W , i 
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Highest Speed Rail-to-Rail® I/O 
Op Amps in a SOT23 Package 
Single-Supply Operation Down to 2.7V, GBWs from 5MHz to 25MHz 

The MAX4122-MAX4134 rail-to-rail I/O op amps simplify 

RAIL-TO-RAIL I/O 

Vin 
1OV/DIV 

GAIN BANDWIDTH (MHz) 

MAX4122 

♦ 5-PIN 
* SOT23 

3.0mm x 3 1mm 

1OV/DIV 

20ps/DIV 

1 1000 

I 750 

? 500

5 250 

low-voltage designs. The three families feature gain¬ 
bandwidth products of 5MHz, 10MHz and 25MHz 

(AvSIOV/V) and are guaranteed to operate 
down to a +2.7V single supply. Rail-to-

rail capability allows the inputs to 
extend beyond the supply rails 

and the output to swing within 
20mV from either rail 
(Rl = lOOkO)! 

Device 
Amplifiers per 

Package 
Shutdown 

Supply 

Voltage 

(V) 

Minimum 

Stable Gain 

(V/V) 

Gain 

Bandwidth 

(MHz) 

Supply Current 

per Amp 

(pA, max) 

Vos 
(pV, max) 

MAX4122/4123 Single Yes +2 710+65 1 5 750 600 

MAX4124/4125 Single Yes +2.7 to +6.5 10 25 750 600 

MAX4126/4127 Dual Yes +2.7 to +6.5 
1

5 750 750 

MAX4128 Dual No +2.7 to +6.5 10 25 750 750 

MAX4129/4134 Quad No +2.7 to +6.5 1 5/10 750/1050 1500 

MAX4130/4131 Single Yes +2.7 to +6.5 1 10 1050 600 

MAX4132/4133 Dual Yes +2.7 to +6.5 1 10 1050 750 

Single-Supply, 300MHz Op Amps 
Offered in a SOT23-5 Package 
O.ldB Gain to 50MHz with Rail-to-Rail Outputs 

This new family of rail-to-rail op amps combines low power consumption, single-supply operation, 
and wide bandwidth in a tiny 5-pin SOT23 package. This combination of features makes the 
MAX4212-MAX4222 op-amp family ideal for a variety of battery-powered instruments, high-speed 
ADC preamps, and video applications. They employ a voltage-feedback architecture, but their specifi¬ 
cations are typical of current-feedback amplifiers. 

* Future product—available after November 1997 Rail-to-Rail is a registered trademark of Nippon-Motorola Ltd 
’* Vcc “ +5V, Vee ■ ov 

Part 
No. Of 

Amps 

Min. 

Stable 

Gain 

(V/V) 

-3d8 

Bandwidth 

(MHz) 

O.ldB 

Gain 

Flatness 

(MHz) 

Slew 

Rate 

(V/ps) 

Diff. 

Gain/Phase 

Error 

CV) 

Output 

Swing (V)** 

(Rl = 10kii) 
Shutdown Packages 

MAX4212/4213 1 1 300 50 600 002/0.02 0.05 to 4.95 Yes 5-pin S0T23.8-pin SO/pMAX 

MAX4214-/4215" 1 2 300 50 600 0.02/0.02 0.05 to 4.95 Yes 5-pin SOT23,8-pin SO/pMAX 

MAX4216/4217' 2 1/2 200 35 600 0 02/0.02 0.05 to 4 95 No 8-pin SO/pMAX 

MAX4218/4220 3/4 1 200 35 600 0.02/0.02 0.05 to 4.95 Yes 14-pin SO. 16-pin QSOP 

MAX421974222' 3/4 2 200 35 600 0.02/0.02 0.05 to 4.95 Yes 14-pin SO, 16-pin QSOP 

zj x i zu 



Wireless/RF Products 
Input Input l/Q Gain l/Q Phase AGC Pins- Price* 

Part Supply Frequency Bandwidth Balance Balance Range Package 25,000-up 
Number Voltage (V) (MHz) (MHz) (dB) (degrees) (dB) Options* Features Applications (S) 
SATELLITE RECEIVER PRODUCTS 

MAX2101 4.75 to 5.25 400 to 700 60 0.5 1.5 40 100-MQFP l/Q demodulator with dual 5th-order Butterworth filters, DBS, VSAT 11.49 
10MHz to 30MHz bandwidth, and dual 6-bit ADCs 

MAX2102 4.75 to 5.25 950 to 2150 120 0.5 3(max) 50 28-SO Direct downconversion tuner IC, tunes L-band DBS, DAB 4.00 
directly to baseband I and Q outputs 

Supply IF IF l/Q Gain l/Q Phase Pins- Price* 
Part Supply Current Frequency Bandwidth Balance Balance Package 1000-up 
Number Voltage (V) (mA) (MHz) (MHz) (dB) (degrees) Options* Features Applications (S) 
MODULATORS AND DEMODULATORS 

MAX2450 2.7 to 3.3 5.9 70 9 0.45 3 20-SO, 70MHz l/Q modulator/demodulator with on-chip Cellular, ISM, 3.99 
20-QSOP VCO and quad generator, shutdown mode WLANs 

MAX2451 2.7 to 3.3 5.5 70 9 0.45 3 16-SO 70MHz l/Q demodulator with on-chip VCO Cellular. ISM. 3.23 
and quad generator, shutdown mode WLANs 

MAX2452 2.7 to 3.3 4.1 70 15 0.45 3 16-SO 70MHz l/Q modulator with on-chip VCO Cellular. ISM. 3.23 
and quad generator, shutdown mode WLANs 

Noise Transmit RF IF Pins- Price* 
Part Supply Input IP3** Figure Output Frequency Frequency Package 1000-up 
Number Voltage (V) (dBm) (dB) (dBm) (MHz typ) (MHz typ) Options* Features Applications ($) 
UPCONVERTERS AND DOWNCONVERTERS 

MAX2420/1/2 2.7 to 4.8 -17/-8/+2 4 0 800 to 1000 10/46/70 28-SSOP Image-reject up/downconverter with VCO. prescaler, Cordless phones, cellular ft 
30dB transmit VGA, programmable-gain LNA, and phones, ISM spread 
OdBm PA predriver: high-side LO injection spectrum, RF transceivers 

MAX2426 2.7 to 4.8 -17/-8/+2 4 -3 800 to 1000 70 28-SSOP Image-reject up/downconverter with VCO, prescaler, Cordless phones, ISM ft 
balanced transmit modulator, programmable-gain spread spectrum, RF 
LNA, and OdBm PA predriver; high-side LO injection transceivers 

MAX2440/1/2 2.7 to 4.8 -17/-8/+2 4 — 800 to 1000 10/46/70 28-SSOP Image-reject downconverter with VCO, prescaler, and Cordless phones. ISM spread ft 
programmable-gain LNA; high-side LO injection spectrum, RF receivers 

MAX2460 2.7 to 4.8 -17/-8/+2 4 0 800 to 1000 10 28-SSOP Image-reject downconverter with balanced transmit Cordless phones. ISM tt 
modulator, VCO. prescaler, programmable-gain spread spectrum, RF 
LNA, and OdBm PA predriver; low-side LO injection transceivers 

MAX2662 2.7 to 5.5 12(OIP3) 9 -1 40 to 2500 10 to 500 SOT23-6 Low-noise, low-voltage upconverter with 15mA Hand-held receivers, WLANs, ft 
supply current, 1pA shutdown ISM PCS, portable phones 

MAX2670 2.7 to 5.5 10(OIP3) 9 -8 40 to 2500 10 to 500 SOT23-6 Low-noise, low-voltage upconverter with 9mA Hand-held receivers. WLANs, ft 
supply current, 1pA shutdown, buffered LO ISM PCS. portable phones 

MAX2672 2.7 to 5.5 12(OIP3) 9 -1 40 to 2500 10 to 500 SOT23-6 Low-noise, low-voltage upconverter with 15mA Hand-held receivers, WLANs, tt 
supply current, 1 pA shutdown ISM PCS. portable phones 

MAX2673 2.7 to 5.5 12(OIP3) 9 -1 40 to 2500 10 to 500 8-pMAX Low-noise, low-voltage upconverter with 15mA Hand-held receivers, WLANs, ft 
supply current, 1pA shutdown, differential inputs ISM PCS, portable phones 

MAX2690 2.7 to 5.5 7.5 9.5 — 40 to 2500 10 to 500 10-pMAX Low-noise, 95dB NF, low-voltage downconverter Hand-held receivers, WLANs, tt 
with 15mA supply current, 1pA shutdown, ISM PCS, portable phones 
differential IF port 

• Package Options: MQFP = Modular Quad Flat Pack, SO = Small Outline, SSOP = Shrink Small-Outline Package. QSOP = Quarter Small-Outline Package 
*’ Depending on LNA gain setting. 
t Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. 
ft Future product—contact factory for pricing and availability. Specifications are preliminary. 
NOTE: IF = Intermediate Frequency, l/Q = In-Phase/Quadrature-Phase, VGA = variable-gain amplifier 



Wireless/RF Products (continued) 
Supply Frequency Output Power Pins- Price* 

Part Voltage Range Power Control Package 1000-up 
Number (V) (MHz) (mW) (dB) Class Options* Features Applications ($) 
TRANSMITTERS AND POWER AMPLIFIERS 

MAX2402 4.75 to 5.5 800 to 1000 100 40 AB to B, adj. 20-SSOP Power amplifier with balanced modulator, ISM spread spectrum. 3.78 
linear modulation to 2V, shutdown mode DS, FH, BPSK, ASK, FSK 

MAX2430 3 to 5.5 800 to 1000 125 @ 3.6V 15 AB 16-SO, True single-supply power amplifier, 900MHz cordless phones, 2.97 
16-QSOP" power on/off ramp control, more than ISM spread spectrum 

32dB gain, shutdown mode 
MAX2601 2.7 to 5.5 DC to >1000 1W — AB/C 8-SO 3.6V, 1W power transistor in a thermally AMPS phones, two-way 2.32 

enhanced plastic package paging, CDPD, ISM radios 
MAX2602 2.7 to 5.5 DC to >1000 1W — AB/C 8-SO 3.6V, 1W power transistor with an on-chip AMPS phones, two-way 2.38 

thermally matched bias diode paging, CDPD, ISM radios 

Supply IF Frequency RSSI Tx Power Image- Price* 
Part Voltage 1st/2nd Range Control Reject 1000-up 
Number (V) (MHz) (dB) (dB) Mixers Features Applications (S) 
INTERMEDIATE-FREQUENCY PRODUCTS 
MAX2510 2.7 to 5.5 30 to 500/ >90 40 No IF transceiver with downconverter mixer, limiting PCS phones (PWT 1900, PAC, tt 

1 to 25 amplifier, transmit l/Q mixers, and VGA PHS), wireless local loop, RF 
transceivers 5.94 

MAX2511 2.7 to 5.5 200 to 450/ >90 40 Yes IF transceiver with image-reject downconverter, PCS phones (PWT 1900, PAC, 
10.7 limiting amplifier, transmit image-reject mixer, and VGA PHS), wireless local loop, RF 

transceivers 

Supply Frequency Gain Noise Pins- Price* 
Part Voltage Range (dB) @ le P1 Figure Package 1000-up 
Number (V) (MHz) (mA) (dBm) (dB) Options* Features Applications (S) 
GÉNÉRAL-PURPOSE RF PRODUCTS 
MAX2611 4.5 to 6.5 DC to 1100 18.5 @ 16 3 3.5 SOT143 Wideband gain block, low Satellite receivers, TV, tuners, 0.66 

noise and high output capability wireless LANs, ISM radios 
MAX2630 2.7 to 5.5 100 to 1000 13.7 @7 -11 3.8 SOT143 3V LNA with internal biasing Portable phones, wireless 0.70 

LANs, ISM radios 
MAX2631 2.7 to 5.5 100 to 1000 13.7 @7 -11 3.8 SOT23-5 3V LNA with shutdown. No external Cordless phones, wireless 0.74 

bias resistor. LANs, ISM radios 
MAX2632 2.7 to 5.5 100 to 1000 13.7 @7 -11 3.8 SOT23-5 3V LNA with bias control Cordless phones, wireless 0.74 

LANs. ISM radios 
MAX2633 2.7 to 5.5 100 to 1000 137@7 -11 3.8 SOT23-6 3V LNA with shutdown and bias control Cordless phones, wireless 0.79 

LANs, ISM radios 
MAX2650 4.5 to 5.5 DC to 1000 19 @ 18 0 3.6 SOT143 5V low-noise amp with internal biasing Satellite receivers, TV. tuners. 0.66 

wireless LANs, ISM radios 

Supply Frequency Supply Phase Output Pins- Price' 
Part Voltage Range Current Noise Power Package 1000-up 
Number (V) (MHz) (mA) (dBc/Hz) (dBm) Options* Features Applications (S) 
OSCILLATORS 
MAX2620 2.7 to 5.25 10 to 1050 9 -110 (at 25kHz -3 (2 outputs) 8-pMAX Low voltage, lowest phase noise. Digital and analog cellular and 1.98 

offset from 0 (differential) dual outputs, superior isolation cordless phones, PCS, pagers, 
900MHz carrier) ISM radios 

* Package Options: MQFP = Modular Quad Flat Pack. SO = Small Outline, SSOP = Shrink Small-Outline Package. QSOP = Quarter Small-Outline Package 
■■ Available after September 1997. 
♦ Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. 
tt Future product—contact factory for pricing and availability. Specifications are preliminary. 
NOTE: IF = Intermediate Frequency, l/Q = In-Phase/Quadrature-Phase, VGA = variable-gain amplifier 
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Technology Pvt Ltd. 
(Bangalore) 
80-640661 
80-640386 
(New Delhi) 
11-6162313 
(Pune) 
212-541484 
(Secunderabad) 
7741623 
(Trivandrum) 
471-331376 

Ireland 
FMG Electronics 
03-56-64002 

Israel 
Tntech, Ltd. 
(09)917 277 

Italy 
Maxim Italy 
(039)6058555 

Italy Distributor 
Esco Italiana Electronics Supply 
(02)26 27 011 

Japan 
Maxim Japan Co.. Ltd. 
(03) 3232-6141 

Japan Distributors 
Easton Co.. Ltd. 
(03) 3279-1922 
Intemix, Inc. 
(03)3369-1101 
Manibun Corp. 
(03) 3639-0677 

Korea 
Maxim Korea 
(02)508 1170 

Mexico 
Hamilton Hallmark (USA) 
l-(210)412-2047 

Netherlands 
Koning En Hartman 
(015) 2609906 

New Zealand 
Pow er Technology 
Components Ltd. 
00649 8366-744 

Norway 
Berendsen Electronics 

22 08 85 00 

Poland 
Uniprod. Ltd. 
(48)32376459 

Portugal 
ADM Electronics, S.A. 
(2)9736957 

Russia 
Spezial-Electronic KG 
(Moscow) 
007/095-433-2582/83 
007/095-438-7343/59 
(St. Petersburg) 
OO7/812-275-386O 

Singapore/Malaysia/ 

Thailand 
Maxim Integrated Products. Inc. 
(Singapore) 
841-7117 
Electronic Resources Limited 
(Singapore) 
(65) 298-0888 
Electronic Resources (Thailand) 
Co.. Ltd 
(Bangkok) 
(66)02 370 1280-90 
Electronic Resources (Malaysia) 
Sdn. Bhd. 
(Petaling Jaya) 
(60) 03-703 7274 
Electronic Resources (Malaysia) 
Sdn. Bhd. 
(Penang) 
(60) 04-656 2895 

South Africa 
Fairmont Electronics (Pty). Ltd 
(011)886 2920 

Spain 
Maxim Distribution 
900 99 44 44 (Tel. gratuito) 
ADM Electronics S.A. 

1-5304121 

Sweden 
Egevo AB 
(08)795 9650 

Switzerland 
Laser & Electronics AG 
(01)4223330 

Taiwan 
Maxim Taiwan 
(2) 558-6801 
Solomon Technology Corp. 
(02) 788-8989 

Turkey 
Interex (U.S.A.) 
(415)254-0627 

U.K. 
Maxim Integrated Products (U.K.). 

Ltd. 
0800 585 048 (Toll Free) 
(0118)9303388 

U.K. Distributors 
Maxim Distribution 
(0118)9303388 
2001 Electronic Components 
(01438)742001 
Eurodis HB Electronics 
(01204) 555100 

Ukraine 
Spezial-Electronic KG 
0038/044-290-04-21 
0038/044-290-99-05 
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EDA PRODUCTS 
PRODUCT FEATURES 

(continued from page 9 If 
with designs over 200K gates, For¬ 
mality is able to verify designs in ex¬ 
cess of 2 million gates. The tool is par¬ 
ticularly well suited for use with 
designs in which each integrated cir¬ 
cuit is larger than 100,000 gates or 
equivalent. The logic has been synthe¬ 
sized using the Design Compiler syn¬ 
thesis tool, and traditional gate-level 
simulation is expected to run for sev¬ 
eral days. 

The Formality formal verification 
tool reduces both design cycle time 
and the cost of finding and fixing bugs. 
It accepts VHDL and Verilog library 
input, and can perform either RTL-to-
gate, gate-to-gate, or RTL-to-RTL 
verification. 

As a complement to the company’s 
PrimeTime static-timing-analyzer 
tool, it extensively verifies a design’s 
functionality at an order of magnitude 
faster than with gate-simulation. Due 
to its tight integration with the Design 
Compiler tool, the tool offers support 
for more than 350 synthesis libraries 
and design files. It also interprets syn¬ 

thesis design data. 
One unusual feature of the tool is 

that it makes flexible verification pos¬ 
sible. The tool contains multiple pro¬ 
prietary verification solvers, or algo¬ 
rithms, for proving equivalence. 
Similar tools, on the other hand, rely 
on a single solver to perform this func¬ 
tion. Consequently, as Formality ana¬ 
lyzes a design, it’s able to heuristically 
determine the most efficient algo¬ 
rithm to employ on a given section of 
design. The algorithm then is applied 
automatically to the design’s struc¬ 
ture. As a result, the Formality tool 
can provide support for a broad range 
of design styles. 

Because it uses multiple verifica¬ 
tion solvers, it’s able to try several dif¬ 
ferent approaches to solve difficult 
verification problems. And, with its 
ability to automatically manage hier¬ 
archy, end users can verify designs 
where the hierarchy doesn’t match. 

Another feature of the Formality 
tool is that it allows for fast and easy 
debugging. It provides users with 
powerful diagnostic analysis and 

schematic debugging for easy isolation 
and diagnosis of problems. All debug¬ 
ging information is presented graphi¬ 
cally in the context of the original de¬ 
sign source, as opposed to a symbolic 
representation. This provides users 
with error diagnosis in a familiar for¬ 
mat. 

During debug, error candidates are 
computed to find mismatched logic 
and pinpoint the likely source of the 
logical difference. Failing vectors also 
are generated and displayed graphi¬ 
cally to demonstrate how the logic in 
the twTo designs propagates differ¬ 
ently. Designers thus will be able to lo¬ 
calize and correct bugs at a much 
faster rate. 

The Formality formal verification 
tool is available now. In U.S. dollars, it 
sells for $100,000. 

Synopsys Inc. 

700 East Middlefield Rd. 
Mountain View, CA 94043 
(415)962-5000 
www. synopsys. com 
CIRCLE 543 
CHERYL AJLUNI 

C&K offers the broadest selection of 
switches and components in the industry. 
With our easy Build-A-Switch concept, 
over 500 million combinations and many 
value added options are possible. 

e/< C&K Components, Inc. 
57 Stanley Avenue 
Watertown, MA 02172 

The Primary Source Worldwide... 

C&K utilizes extensive automation and 
advanced manufacturing systems to pro¬ 
vide you with short leadtimes, ensuring 
your products are built precisely to speci¬ 
fication and delivered on time. 

Newton Division 
Tel: 800-635-5936 • Fax: 617-926-6846 
Clayton/Unimax Division 
Tel: 800-334-7729 • Fax: 919-553-4758 

C&K is an ISO 9001 registered company 
committed to quality. We enjoy world-
wice preferred supplier partnerships by 
continuously striving to improve our 
technology and service. 

Call C&K today for free samples 
and our latest catalogs. Visit our L 
new website at: www.ckcorp.com 
Your success is our success! 
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• Power 
• Interconnections 
• Passives 
• Switches & Relays 
• Optoelectronics 

Planar Transformers Make Maximum 
Use Of Precious Board Space 

With Their Low Profile And High Density, Planai' Devices Help 
Designers Meet Demands For Ever-Smaller Power Supplies. 

SIMON CHOINA, Signal Transformer, 500 Bayview Ave., Inwood, NY, 11096-1792; (516) 239-5777; fax (516) 239-7208. 

Power supplies have limited the min¬ 
imum size that electronic systems 
can attain, relying as they do on 

large transformers with large ferrite 
cores and magnet wire windings. By 
their very design, planar transformers 
ease this limitation and allow designers 
to achieve the low profiles required for 
pc-board mounting in space-constrained 
applications. In addition, their construc¬ 
tion endows them with more unit-to-
unit repeatability, high power-density 
capability, higher-frequency operation, 

sure high isolation between windings. 
While the leadframes are used to me¬ 
chanically secure the transformer in 
place (because it is of low mass), for high-
shock/vibration applications, the flat fer¬ 
rite cores can be bonded to the pc-board 
using double-sided polyester tape. Con¬ 
nections to the outside circuit, such as 
the power semiconductors, are made by 
standard pc-board pins. 

Mechanical Features 
It is this construction that gives the 

planai- transformer its characteristically 
low profile, which usually ranges from 
between 0.325 to 0.750 in. This makes 
them especially attractive to power-sup¬ 
ply manufacturers working within tight 
space restrictions. 

The planar transformer’s pc-board 
construction means that once the cir¬ 
cuit-board components are designed 
and stamped for a planar device, the 
windings of subsequent transformers in 
a production run will be spaced exactly 
the same distance from each other (Fig. 

and high efficiency. While the 
disadvantages are few, it is im¬ 
portant to understand the de¬ 
vice’s basic construction to 
fully appreciate its capabilities 
and potential drawbacks. 

Wire-Free Design 
Planar transformers are so 

compact because they are 
made from copper leadframes 
and flat, continuous copper spi¬ 
rals instead of copper magnet 
wire wound around conven¬ 
tional ferrite cores. The spirals 
are etched on thin sheets of di¬ 
electric material and stacked 
on flat, high-frequency ferrite 
cores to form the transformer’s 
magnetic circuit (Fig. 1). Next, 
the core material is bonded 
with a low-grain-diameter 
epoxy to minimize core losses. 
High-tem[)erature (130°C) in¬ 
sulators, such as Kapton, 
within the stack of spirals en-

1. Planar transformers achieve their compact, low-profile features from 
their basic construction. They comprise copper leadframes and flat, 
continuous copper spirals instead of copper magnet wire wound around 
conventional ferrite cores. The spirals are etched on thin sheets of 
dielectric material, such as mylar or Kapton. Then, they are stacked on 
flat, high-frequency ferrite cores to form the transformer's magnetic 
circuit. High-temperature insulators within the stack of spirals ensure 
high isolation between windings. 

2). This design allows planar 
transformers to be manufac¬ 
tured with automated assem¬ 
bly equipment, greatly im¬ 
proving device unit-to-unit 
repeatability and yield in pro¬ 
duction runs with tight specifi¬ 
cations. Conventional trans¬ 
formers are manufactured 
with copper wire wound 
around ferrite cores. Irregu¬ 
larities in the spacing of the 
windings, along with the va¬ 
garies of manual assembly, can 
contrive to produce wide vari¬ 
ations in device performance. 

The uniformity and pre¬ 
dictability of planar transform¬ 
ers has the added advantage of 
making them simpler to model 
than conventional transform¬ 
ers. This especially applies 
when using computer-aided-
engineering (CAE) tools such 
as SPICE mcxleling. 
With excess weight an on-go-
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KEMET 
CAPACITORS. 

GETTING THE JUMP ON THE 
INDUSTRY WITH OUR NEW, 
MULTI-ANODE, LOW ESR, 
TANTALUM CAPACITOR. 

In today's electronic 
requirements, we at KEMET 
are aware of the fact that 
space is at a premium. 
Space that requires more 
and more capacitors 
installed within smaller 
and smaller footprints 
while maintaining high CV 
and low ESR. 

The innovative con- s 
struction platform of the 
new KEMET T510 series incor¬ 
porates multiple capacitor elements, 
in parallel, inside a single package. This 
unique assembly, combined with KEMETs superi¬ 
or processing technology, results in a much lower ESR 
than can be achieved in a traditional single element package. 
Other benefits include superior capacitance retention at high fre¬ 
quencies and reduced ESL. 

The T510 series provides ultra low ESR for two specific appli¬ 
cations: filtering and decoupling. The very high ripple current 
capability (up to 3 Amps rms) makes this part the ideal choice for 

SMPS filtering. The T510 will revolutionize design solu¬ 
tions for power decoupling of leading, edge 

microprocessors by substantially 
reducing the part count nec¬ 

essary to achieve the total 
required cap and ESR. 

The T510 series is ini¬ 
tially available in a 470pF 
6V device. A 680pF 4V 
part and a 330pF 10V 
are targeted for release 
in early '98. All T510 
products are tape and reel 
packaged per EIA 481 -1. 

The T51 O's unique 
I design clearly demonstrates 
i why KEMET remains the industry's 
leading supplier of solid tantalum 

capacitors. KEMET offers leaded and sur¬ 
face mount products in both dielectric families. 

At KEMET, manufacturing a good capacitor has never been 
just "good enough ". To compete worldwide, 
we continually develop and improve our 
capacitors. 

k KEMET instant relief, 

take one 
KEMET T510 

series capacitor arid 

just say ahhhh! 

READER SERVICE 208 PO. Box 5928 • Greenville, SC 29606 • 864.963.6300 



2. The transformer's pc-board construction, with conductive lines formed from copper cladding on 
high-current, circuit-board materials, allows planar transformer to be manufactured with 
automated assembly equipment, yielding excellent unit-to-unit repeatability. 

ing problem in the typical power-supply 
design, the planar’s ability to reach 
weights as low as 0.6 oz. per 100 W has 
made it a key component in many light¬ 
weight designs. 

While the planar transformer has 
many advantages, its development was 
initially hampered by the need for cus¬ 
tom cores, pc-board windings, and isola¬ 
tors. However, this attitude is changing 
as the devices gain acceptance. 

Electrical Characteristics 
Planar transformers offer efficient 

operation at high switching frequencies, 
typically reaching 97% efficiency at 
switching frequencies through 500 kHz. 
Their maximum operating frequency 
can reach as high as 1 MHz (with low 
flux density). The flat windings are the 
key to their high efficiency and high-fre¬ 
quency operation. The windings also 
greatly improve the device’s power¬ 
density capabilities. 

Because conventional transformers 
generally rely on round-wire windings 
around a ferrite core, the copper conduc¬ 
tor is not efficiently used. This is due to a 
phenomenon known as skin effect. Skin 
effect occurs when induced currents and 
magnetic fields cause current in a round 
conductor to concentrate near the thin 
outer surface—or skin—of the wire, es¬ 
pecially at higher frequencies. As a re¬ 
sult, the total current-carrying area is 
less than the full wire area, making the 

ac resistance greater than the de resis¬ 
tance by an amount determined by the 
skin t hickness. 

In a planar transformer, however, the 
“windings” are actually flat conductive 
traces formed on copper-clad pc-boards. 
As a result, the current tends to concen¬ 
trate toward the outer edges, but it still 
flows through the entire conductor, with 
improved overall current density com¬ 
pared to a cylindrical (wire) conductor. 
The end result is that a planar trans¬ 
former, with its flat windings, can 
achieve higher efficiency in much 
smaller sizes than conventional wire¬ 
wound transformers. 

Planar construction also minimizes 
parasitic reactances, such as interwind¬ 
ing capacitance and leakage inductance 
(typically under 0.5%). The low leakage 
inductance is achieved by splitting, 
which puts part of the primary winding 
in one place, such as the top, part of the 
winding at the bottom of the stack, and 
then evenly sandwiching the secondary 
windings on both sides of the stack. 

In wound designs, leakage induc¬ 
tance is difficult to control. The low stray 
capacitances and leakage inductances 
go a long way toward reducing high-fre¬ 
quency ringing in a planar transformer’s 
output voltage. This construction—with 
conductive circuits stacked on dielectric 
sheets—also allows a planar trans¬ 
former to achieve good primary-to-sec-
ondary and secondary-to-secondary di¬ 

electric isolation. The devices can ac¬ 
commodate a wide range of input volt¬ 
ages, and can be specified with one, two, 
or three outputs. They also meet or ex¬ 
ceed the performance requirements of 
offline converters 

Designing With Planars 
Because current-carrying capability 

is a concern in an SMPS, planar trans¬ 
formers typically employ 4-oz. copper-
clad circuit boards for their internal 
winding forms. The same grade of cir¬ 
cuit board is a minimum requirement for 
other sections of an SMPS. The copper 
used in a 4-oz. copper circuit board is 5.6 
mils thick, or 2.8 mils from the center to 
the surface. In a circular conductor, the 
current skin depth for copper at 70°C 
can be obtained from the equation: 

S = 6.61/Vf 

where S is the skin depth in centimeters, 
and f is the operating frequency. This 
works out to be a little over 5 mils at an 
operating frequency of 250 kHz. It ap¬ 
pears to leave little room for error with 
4-oz. copper boards. 

However, the planar cross section of 
4-oz. copper must be converted to circu¬ 
lar mils (as with wire tables) to make for 
a more meaningful examination of skin 
depth and current density for a given 
operating frequency. A circular mil is 
the area occupied by a circle with the di¬ 
ameter of 0.001 in. Just divide the area in 
square inches by 0.785 x IO"6. 

At higher current densities (and out¬ 
put power levels), 4-oz. copper may not 
be robust enough. Most circuit-board 
manufacturers offer heavier copper 
cladding, usually as a special order. Pc-
boards can also be paralleled to double 
the wire size. 

Simon Choina is a senior engineer 
with Signal Transformer, specializing 
in high-frequency devices. He received 
his electronic education in “Bosmath” 
by Technion in Haifa, Israel, and fin¬ 
ished his degree in New York city in 
1986. He joined Signal in 1979 after 
three years with Power Magnetics. 

References: 
1. Pressman, A., Switching Power 

Supply Design, McGraw-Hill, 1991. 
2. Meeldijk, V., Electronic Compo¬ 

nents, Selection And Application 
Guidelines, Wiley, 1996. 
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PIPS PRODUCTS 

PRODUCT UPDATE: COMPONENTS 

Manufacturer Device Description 
Price and 
delivery CIRCLE 

INDUCTORS 

Prem Magnetics Inc. 
McHenry, IL 
Sales Dept. (815) 385-2700 
Fax (815) 385-8578 
www.premmag.com 

SPT-049 
transformer 

This low-profile transformer is designed specifically for V.34 modems 
in both the U.S. and Europe. Measuring 0.520 by 0.460 by 0.390 in., 
the device uses supplementary insulation and is designed for 
dry-circuit applications. The primary-to-secondary creepage distance 
is 2.5 mm (min) and the hi-pot rating is 1500 V rms for one minute. 

$3.00 each in 
high quantity 

562 

Valor Electronics Inc. 
San Diego. CA 
Yves Collier (619) 537-2619 
Fax (619) 537-2525 
ycollier@valorinc.com 

ST517XT 
Series 

transformer 

Targeting PBX and central-office use, this T1/E1, quad-port 
transformer module is surface mountable and comes with four receive 
and four transmit transformers. The module meets ITU-T G.703 specs 
and is isolated to 1500 V rms. The 40-pin package measures 28.2 by 
15.9 by 5.7 mm, and has a crosstalk figure of -65 dB. 

$4.98 each per 
10,000 

563 

Bl Technologies Corp. 
Fullerton. CA 
Sam Kung (714) 447-2656 
Fax (714) 447-2400 

HM76 Series 
surface-mount 

inductor 

Available in values ranging from 1.0 to 1000 pH, this surface-mount 
inductor uses a high-performance ferrite in a drum-core configuration. 
The device can handle up to 9.8 A. has a resistance as low as 10 mi2, 
a profile down to 3.23 mm, and an operating temperature range of 25° 
to -80°C. Class B insulation is included. 

$0.45 each per 
10,000 

564 

LC Series 
inductor¬ 
capacitor 
network 

This device incorporates a ladder network of inductors and capacitors 
to improve over T-type EMI filtering methods. The low-pass network 
uses a monolithic construction in a 1206 case, and has a sharp cutoff 
at 10, 22, 47, or 100 MHz. 

$0.20 each per 
100.000; stock 

565 I 

Pulse 
San Diego, CA 
Gene Vicino (619) 618-1242 
Fax (619)674-8262 
www.pulseeng.com 

Self-leaded, 
SMD chokes 

These self-leaded, surface-mount, common-mode chokes handle from 
1.50 to 14.40 A, operate up to 1 MHz, and have a de resistance of 
4 41 to 295.60 mil Available in a high-reliability, self-leaded package, 
the devices have an operating temperature range of -30° to 120°C and 
a dielectric strength of 500 V rms. 

$0.63 each per 
10,000 

566 

P0581.2, 3, 
4, and 5 

current-sense 
and 

gate-drive 
transformers 

Offering up to 3000 V rms of isolation for currents up to 36 A, these 
current-sense transformers (P0581,2, and 3) come in through-hole 
versions with turns ratios of 50:1, 100:1, or 200:1. The through-hole 
gate-drive transformers (P0584 and 5) come in two- or four-gate 
versions, also with 3000-V rms isolation. The leakage inductance is 
500 nH. Both transformers operate at frequencies from 50 to 500 kHz 

Current sense, 
$0.99; gate 
drive, $1.14 
each per 
10,000 

567 

CAPACITORS 
High Energy Corp. 
Parkesburg, PA 
J. Rounce (800) 332-2985 
Fax (610) 593-2985 
www.highenergycorp.com 

Type CN 
high-power 
capacitor 

Designed for a working life of up to 20 years, this film-type capacitor, 
with copper-top and base terminals, replaces mica or ceramic units in 
induction applications. The device has a capacity range of 200 nF to 6 
pF and comes in voltages of up to 650 V at 1200 A. Its operating 
frequency range is 10 kHz to 800 kHz. at temperatures up to 65°C. 

$195 each for 
10; eight 

weeks ARO 

568 

Voltronics Corp. 
Denville, NJ 
Nicholas Perrella (973) 586-8585 
Fax (973) 586-3404 
E-mail: info@voltronicscorp.com 

Low-
temperature 
trimmer 

Operable in cryogenic temperatures down to 4°K, these precision 
multitum trimmer capacitors are available with maximum values of 1 
to 180 pF, in a wide variety of sizes. Dielectrics are glass, quartz, 
sapphire, air, and PTFE. 

From $9 each; 
stock to four 

weeks 

569 

CIRCUIT PROTECTION DEVICES 

Littelfuse Inc. 
Des Plaines, IL 
(800) 999-9445 
Fax (847) 824-3024 
www.littelfuse.com 

1812 PTC 
resettable 

fuse 

This positive-temperature-coefficient, resettable fuse has a full-faced 
termination design, and complies with USB standards for 
peripheral-to-computer connections. The device measures 0.179 by 
0.127 by 0.020 in., and comes in a variety of current ratings. 

$0.30 each, 
depending on 

quantity 

570 

Semtech Corp. 
Newbury Park, CA 
Tom Dugan (805) 498-2111 
Fax (805) 498-3804 
E-mail: NPSMTCHTD@aol.com 

RailClamp 
Series 

protection 
diode array 

These diode arrays protect external ports, and are designed for 
voltages of 3.3, 5, 12, or 15 V. Able to suppress electrostatic 
discharge, electrical fast transients, and lightning-induced transients, 
the devices use eight surge-rated steering diodes and a transient¬ 
voltage suppressor diode in a single package to protect up to four 
lines. Standards compliance includes IEC 1000-4-2, -4-4, and -4-5. 

$1.49 each per 
10,000 

571 

SGS-Thomson Microelectronics Inc. 
Lincoln, MA 
Sales Dept. (617) 259-0300 
Fax (617) 259-9423 
www.st.com 

TD230 
electronic 

circuit 
breaker 

This electronic circuit-breaker IC comprises two n-channel power 
MOSFETs connected as low-resistance switches between the dual-rail 
power supply and the circuit to be protected. Excess current will trip 
the MOSFET in around 5 ps. Features include automatic restart, 
suitability to 2.7-, 4.5-, or ±18-V supplies, and SO16 packaging. 

$2 each per 
100,000 

572 

SEMICONDUCTORS 

Advanced Power Technology 
Bend, OR 
Thomas Loder (800) 522-0809 
Fax (541) 388-0364 
www.advancedpower.com 

SOT-227-
packaged, 

low-resistance 
MOSFET 

Available in an SOT-227 package, this high-voltage MOSFET uses the 
company's Power MOS V process to realize an on resistance as low 
as 7 mil The rise and fall times for a 500-V, 50-mW device are 20 
and 7 ns, respectively. Other features include 100- to 1200-V 
breakdown, up to 225 A drain current, and a thermal resistance of 0.18. 

From $20; 
stock to eight 

weeks 

573 

KDI/Triangle Corp. 
Whippany, NJ 
Carl Schraufnagl (973) 887-8100 
Fax (973) 884-0445 

___ 

SWM-1100-1 
and 1200-1 
broadband 

diode 
switches 

Using a microstrip soft substrate for the RF circuit, and thick-film 
hybrid drivers, yields an insertion loss for these diode switches of 1.5, 
2.0, and 2.75 dB. over the operating frequencies of 4, 10, and 18 GHz, 
respectively. The devices have an isolation of 60 dB up to 10 GHz, 
and 50 dB at 18 GHz. Both run off 5 V de at ±100 mA. 

SWM-1100-1, 
$345; 

SWM-1200-1, 
$414; stock 

574 

_I 



If you’ve ever put the top down and felt the cool air rush by, you can imagine how that might feei to a dense group of 

surface mount components. We did. And since many of our DC/DC Converters already reach up to 91% efficiency, 

keeping things cool is a breeze. So to find out more, visit www.ipdconverters.com or call 888-ipd-converters. 

INTERNATIONAL POWER DEVICES, INC. 

The Next Generation of DC/DC Converters 
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PIPS PRODUCTS 
PACKAGING & INTERCONNECTS 

Universal I/O Connector 
Gives DSU/CSU Connectivity 
This universal I/O connector provides 
a multi-serial, multi-protocol WAN 
attachment over a single, high-den¬ 

sity connector system. The device 
provides connectivity to a DSU/CSU 
and includes a 72- and 160-position ca¬ 
ble plug and pc-board connector. The 
plug has insulation displacement con¬ 
tacts arranged with 0.050-in. center-
line spacing using a four-row mating 
interface. The plug terminates 28- and 
30-AWG stranded wires using a 
benchpress or high-speed applicator. 
Other features of the connector in¬ 

clude a profile of 0.374 in., board-lock 
hardware, EMI shielding, and stan¬ 
dard 4/40 threads. Pricing is $0.042 
per line for the cable plug, and $0.052 
per line for the pc-board receptacle, in 
quantities of 10,000. 

AMP Inc., P.O. Box 3608, Harris¬ 
burg, PA 17105-3608; Product Info. 
(800) 522-6752; www. amp. com. 

CIRCLE 575 

RS-232-To-1-Wire Adapter 
Has A True Ground 
Designed to mate with the serial DB9 
port of a PC, the HA3 is an RS-232-
powered converter that converts from 
RS-232 to 1-Wire protocol. Able to 
drive up to 2001-Wire devices at cable 
lengths of up to 2000 ft. using CAT-5 
twisted-pair cable, the device mea¬ 
sures 2.275 by 1.215 in. A DDE driver 
is included. Pricing is $69.95. 

Point Six Inc., 138 E. Reynolds Rd., 
Suite 201, Lexington, KY 40517; (606) 
271-1744; fax (606) 271-4695; 
www.pointsix.com. 

CIRCLE 576 

Gap Filler Improves On 
Thermal Conductivity 
Therm-A-Gap A574 is a thermally 
conductive elastomer that replaces air 
gaps between the item to be cooled 
and its heat spreader. The elastomer 

consists of a soft silicone loaded with 
ceramic particles.. The thermal imped¬ 
ance ranges from 1.10 to 2.86°C-in.2/W 
for thicknesses from 0.040 to 0.200 in. 
Pricing starts at $0.25 per in.2

Chomerics, Div. of Parker Hannifin 

Corp., 77 Dragon Ct., Woburn, A4A 
01888; (781 ) 935-4850; fax (781 ) 
933-4318; www.chomerics.com. 
CIRCLE 577 

NOW THE BIGGEST DESIGNERS 
ARE THINKING SMALL. 

VERY SMALL. VERY LIGHT. VERY POWERFUL. 
It’s a tremendous breakthrough for thermal management 
in small spaces! Aavid’s new 3644 OptiPin™ heat sink, 
incorporating OptiPin micro-thin cross-cut technology, 
performs up to 20% better than conventional heat 
sinks. OptiPin technology minimizes the pressure drop 
to optimize cooling where there is minimal air flow. 
Originally designed for Intel’s i960 embedded processor 
in the Amkor/Anam Super BGA package, this heat sink 
also excels in cooling other BGA, QFP, PLCC, PGA, and 
PBGA packages up to 40x40 mm. With Aavid’s OptiPin 
solutions, you cut your thermal problems down to size. 

O AAVID 
*/A * THERMAL PRODUCTS. INC. 

ONE COOL IDEA AFTER ANOTHER 

104 

FOR A CLOSER LOOK AT OUR NEW 3644 OPTIPIN AND OTHER BGA HEAT SINKS, VISIT OUR WEB SITE NOW. 

http://www.aavid.com 

CORPORATE HEADQUARTERS: 143 North Main Street • Suite 206 • Concord. New Hampshire 03301 

AAVID CANADA 440 Hanlan Road • Woodbridge. Ontario • Canada L4L 3P6 

AAVID SINGAPORE: 126 Tagore Lane • Singapore 787553 • AAVID TAIWAN 14F-4. No. 79. Hsin Tai Wu Road. Sec. I • Hsi-Chih. Taipei, Taiwan ROC 

AAVID EUROPE Unit C Hillbottom Road • Sands Industrial Estate • High Wycombe. Bucks. England HPI2 4HS 
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SOLUTIONS 
FOR 

DESIGNING 
EVEN SMALLER. 

Vishay miniature components allow unparalleled 

circuit density. As part of a multiple-component 

array or network, they allow for more board 

space, more automated placement and lower 

production costs. Vishay passives will match 

design and technology needs as OEMs design 

smaller products. 

1 800 487 9437* 
SALES U.S. 402563-6417 
SALES EUROPE 49-9287-710 
SALES ASIA 65-747-2767 

www.vishay.com 
•U.S. ONLY 

Request Document #RW or choose from 
the FlashFax' numbers shown on this page. 

VISHAY SURFACE MOUNT LEADS THE WAY. 
The Vishay brands are leaders in satisfying the 
electronics marketplace with state-of-the-art 
passives. Look for a variety of surface-mount 
solutions from trusted names like Dale®, 
Sprague® and Vitramon® for designing 
even smaller. 

Vishay miniatures at work 

in national Semiconductor's 

LM2825 DC-DC converter 

I. Sprague’ 59SD 

tantalum Capacitor 

2. Vitramon Multilayer 

Ceramic Chip Converter 

mP9250 

THIN AND THICK FILM 

RESISTOR NETWORKS 

& ARRAYS 
Leaded SMD resistor networks in 

a rugged, molded-case construction. Chip 
resistor arrays available in 0603 and 1206 sizes. 
FlashFax' Document #1002. 

configurations as low as 1.2 millimeters. 
Multilayer ceramic capacitors from 0402 sizes 

and larger available in the standard dielectrics 
including X8R. Flashfax Document #1004 

POWER CHIP RESISTORS 
Low-value power metal strip g * 
chip resistors available in sizes 
1206,2010 and 2512. Provides resistance 
values down to .01 ohms plus or minus 1% 
tolerance, with ratings from .25 to 2 watts. 
Flashfax Document #1005 

CHIP RESISTORS 
Thick film and thin film chip resistors in 
0402 sizes and larger. Cylindrical thin film 

(MELF) resistors in sizes 

w  0102 and 0204. 

E3 FlashFax" Document #1006. 

CHIP INDUCTORS 
Molded and shielded SMD chip inductors in 
sizes from 0603 to 1812. 
Multilayer ferrite beads and * g* 
ferrite inductors in 1206 size. 
FlashFax' Document #1003. 

* TANTALUM & MONOLITHIC 

• CERAMIC CHIP CAPACITORS 
Molded and conformal 

coated surface mount 
tantalum capacitors available 

from 0805 sizes and larger, plus low profile 

THE SMALLEST PASSIVES, 
THE BROADEST PRODUCT LINE. 

VISHAY 

VISHAY INTERTECHNOLOGY, INC. 

DALE' - DRALORIC’ • ROEDERSTEIN • SFERNICE’ 

SPRAGUE' VISHAY FOL RESISTORS • VISHAY LPSC 

VISHAY THIN FILM • VITRAMON’ 
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Want the very best 
in Analog/Digital simulation? 

Introducing Micro-Cap V 
Version 2.0 

probing, during the run plotting, performance 
plots, 3D plots, multidimensional stepping, 
analog and digital behavioral modeling, \ 
an optimizing model generator, and 

Features 

We offer the very best in 
analog/digital simulation 
and we guarantee it with a 
30 day money back guarantee! 

You can't lose. Call us for 
a free brochure and working 
demo or download the demo 
from our Web site. 

Micro-Cap V runs on PCs under all Windows 
systems from 3.1 and up. Cost is $3495 complete. 

Mixed Analog/Digital 
Analog Engine 
Digital Engine 
During the Run Plots 
Analog/Digital Primitives 
Analog/Digital Parts 
Performance Plots 
Parameter Stepping 
Optimizing Parts Modeler 
3D Plots 
Schematic Probing 
Behavioral Modeling 
Monte Carlo 
Device Temperatures 
BSIM Devices 
Animation Devices 
Import/export Netlists 
Guarantee 
Technical Support 

Micro-Cap V is a trademark of Spectrum Software. 
All other names are trademarks of their respective holders. 

Yes 
Spice3 & PSpice™ 
Native PSpice™ 
Yes 
200+ 
10,000+ 
Yes 
Multidimensional 
Yes 
Yes 
Yes 
Analog & Digital 
Yes 
Individually Set 
Yes. 1.0,2.0, and 3.3 
Yes 
Yes 
30 Day Money Back 
By EEs for EEs 

Monte Carlo analysis. Compiled models, 
behavioral primitives, and a huge library of 
commercial parts make modeling of both analog and digital 
devices easy. New devices in Version 2.0 include BSIM 1.0,2.0, 
and 3.3, sample and holds, Z transforms, and three new 
animation devices. 

= s 
■ 

Spectrum Software 
Phone 408-738-4387 
FAX 408-738-4702 
Internet www.spectrum-soft.com 
E-mail saies@spectrum-soft.com 

Micro-Cap V is a fast, precision, 32-bit analog/digital simulator with an intuitive fifth 
generation user interface, and a library of more than 10,000 pre-modeled parts. Based on 

I Spice3 and PSpice? it offers the best features and capability of both. 
Its finely crafted simulation tools include schematic 

r 
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PIPS PRODU 
PACKAGING 

Heatsinks Cool Pentium II 
And Pentium Pro Processors 
Designed specifically for the Pentium 
II and Pentium Pro processors, this 
line of extruded heatsinks measures 2 

by 5 by 1.5 in. Backed by quick turn¬ 
around, the devices come with sec¬ 
ondary options such as drilling, tap¬ 
ping, chromating, anodizing, 
silk-screening, and painting. Pricing 
for a Pentium II version is $15; for a 
Pentium Pro version it’s $6 per sam¬ 
ple. Tooling and prototyping take up to 
five weeks. 

ACK Technology Inc., 7372 Walnut 
Ave., Unit D, Buena Park, CA 90620; 
(714) 739-5797; fax (714) 739-5898. 

CIRCLE 578 

& INTERCONNECTS 

10-Slot, 6U VMEbus 
Enclosure Is Rugged 
The FS-8019 is part of the company’s 
line of FULLspectrum, rugged, 
VMEbus enclosures and accommo¬ 
dates up to ten 6U slots or eight 9U 
slots. Other backplane configurations 

can be supplied. The chassis comes 
with mounting for up to two half¬ 
height SCSI peripherals, is wired with 
a 1-kW power supply, and consists of 
solid, seam-welded, aluminum alloys 

with stainless-steel hardware 
throughout. Pricing starts at $12,950. 
AP Labs, 5871 Oberlin Dr., San 

Diego, CA 92121; Steve Gills (619) 
546-8626; fax (619) 546-0278; 
www.sd.aplabs.com. CIRCLE 579 

Heatsinks Improve Dissipation 
Capacity By Up To 20% 
Designed for high-power semiconduc¬ 
tors, the PolarCap line of heatsinks in¬ 
corporate minute breaks and disrup¬ 
tions in the fin surface to disrupt the 
flow of air over the fin. In addition, the 
device uses impingement airflow to 
reduce total air-temperature rise and 
lower static pressure to increase the 
volume of airflow. According to the 
company, the combination results in a 
20% improvement in heat-dissipation 
capacity over conventional fin 
heatsinks. Pricing, with the fan in¬ 
cluded, is $77.16 each per 100. 
Aavid Thermal Technologies, One 

Kool Path, P.O. Box 400, Laconia, NH 
03247; (603) 224-9988; fax (603) 528-
1478; www.aavid.com CIRCLE 580 

Need To Know 
What They Know? 

Get To Know Penton 
Research Services 

Somewhere out there are people who want to buy 

what you have to sell. 

The professionals at Penton Research Services can 
help you discover what they buy and why, from 

whom - and even what they are looking for. 
Before you decide on a new product or 
marketing effort, invest in the knowledge you can 
trust from Penton - a leader in business information 

and communications for over 100 years. 

Get to know Penton Research Services by asking 

for an informative brochure, today. 

Pen ton Research Services 
1100 Superior Avenue • Cleveland, OH 44114-2543 

Call: 216.696.7000 Toll-free: 800.736.8660 

Fax: 216.696.8130 
E-mail: research@penton.com 

http://www.penton.com/corp/research 

Your Information Edge 
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POWER 

Low-Voltage Converters 
Respond In Under 5 us 
The MM5020 Series of 6-A dc-dc con¬ 
verters locally convert 4.50- to 5.50-V 
inputs to 1.30 to 3.50 V with a response 
time of under 5 ps. Using Switch 

u, u . . 

Power Inc.’s V2 control architecture, 
the devices have an output ripple of 50 
mV p-p, a load/line regulation of 
±0.05%, and output voltage set-point 
accuracy of ±5%. The efficiency is 90% 
and overall dimensions are 2.50 by 0.45 
by 0.35 in. Additional features include 
N+l redundancy and parallel opera¬ 
tion. Pricing is $20 each per 1000; de¬ 
livery is eight weeks. 

Microelectronic Modules Corp., 

2601 5. Moorland Rd., New Berlin, Wl 
53151,(414) 785-6506; fax (414) 
785-6516. CIRCLE 581 

Open-Frame Switchers 
Are Ultra-Miniature 
The OFM family of open-frame 
switching power supplies come in 5-, 
10-, and 15-W versions, and measure 

2.28 by 1.77 in. ( 5-W version). Out-
putting 5- to 24-V de, the supplies plug 
into standard module pinouts and 
come with on-board output adjust¬ 
ment and a power-good LED. Pricing 

is $17 each in quantity; delivery is two 
to four weeks. 

Astrodyne, 300 Myles Standish Blvd., 
Taunton, MA 02780; Paul Charette 
(508) 823-8080; fax (508) 823-8181. 

CIRCLE 582 

3.3-V DC-DC Converter 
Outputs Up To 46 W 
Accepting a 24-V input, the PKG 2410 
PI dc-dc converter outputs 3.3 V at 14 

A without additional heatsinking up to 
60°C, with only 1-meter/second air 
(continued on page 110) 

more 
its class. Then give us a call for the real thing. 

Actual 
Size 

The Grayhill Difference. 

Grayhill is the world’s 

largest manufacturer of 

rotary products. The 

Series 62 is part of our 

family of rotary and 

pushbutton switches, 

optical and mechanical 

encoders, and keypads. 

ISO-9001 certified, 

Grayhill manufactures 

to Industry and Military 

Standards to assure 

quality and reliability. 

One-half inch, a minimum 
life expectancy of 1,000,000 
full cycles-this is your switch. 

While you’re at it, ask for your free copy of our Electronic 
Selection Guide to Mechanical and Optical Encoders on 
diskette or at our Web site. Contact us today. 

Internet: http://www.grayhill.coin 

data ( • I: » > Faxback Info 1-800-244-0559 

Phone: 708-354-1040 Fax: 708-354-2820 

Cut it out, take it for a 
test drive and see for 
yourself how our New 
Series 62 optically-coupled 
rotary encoders maximize board 
space, increase your design 
capability, and run longer and

reliably than other encoders in 

561 Hillgrove Avenue 
LaGrange, IL 60525-5997 USA 

An ISO-9001 Company 
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Because in this business, 
timing is everything. 

W hen it comes to frequency control products, you just can't 
afford to compromise on quality, reliability, performance or 
service. II hich is precisely wfiy Fox fias been ranked as 
\mericas' preferred oscillator/crystal company for years... 
by engineers and buyers alike! 

Ml Fox frequency control products are 100% tested, offered 
in a variety of surface mount and thru-hole configurations 
and are available directly from Fox or off the shelves of our 
very well stocked national distribution network. 

Quartz Crystals: Frequencies from 32.768 kHz lo 
200 MHz. standard and custom: stabilities to 20 PPM. 

Oscillators: Frequencies from 340 kHz to 200 MHz. 
standard and custom: stabilities from 25 PPM lo 100 PPM. 

TCXOs/VCXOs: High performance temperature- and 
voltage-controlled oscillators: frequencies from I MHz 
to 40 MHz. 

Crystal Filters: Frequencies from 10.7 MHz to 90 MHz. 

► And Now... JITO ™! Just-In-Time Oscillators ': BuüdtoOrder Í 
Custom and standard frequencies from 340KHz _ । । 
to 125MHz...in 10 w orkingdays! 

When it comes to frequency control, why would you trust your 
products to anyone less than Fox? It always pays to go with 
the leader. Call, fax or visit us on the web today. Because in 
this business, liming is everything. 

READER SERVICE 105 

FOX Electronics 
Were On Your Frequency. 

5570 Enterprise Parkway 
Fort Myers, FL 33905 
Tel 888-GET-2-F0X 
Fax: 941 -693-1554 

www.foxonline.com 
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PIPS PRODUCTS 
POWER 

(continued from page 108) 
flow. The 46-W device delivers line 
and load regulaion of 10- and 35-mV, 
respectively, and a typical ripple of 60 
mV p-p. The integrated control elec¬ 
tronics give a load transient response 
of 100 ps. Measuring 75 by 63.5 by 11 
mm, the converter has a typical effi¬ 
ciency of 79.5%. Other features in¬ 
clude 1500-V-dc isolation, overvoltage 
protection, output current limiting, re¬ 
mote control, and thermal shutdown 
and restart. Pricing is $60 each per 
500; samples are available from stock. 

Ericsson Components AB, S-164 81 
Kista, Sweden; Patrick Le Fevre +46 8 
721 6263; fax +46 8 721 7001; e-
mail: eka. Iefe@mesmtpse. ericsson.se. 

CIRCLE 583 

Miniature PFC Supply Has 
User-Selectable Outputs 
The PFC Mini is a 1.75-by-6-by-12-in. 
power-factor-corrected power supply 
with up to six user-selectable, isolated 
outputs. The supply accepts inputs of 
85- to 264-V ac or 100- to 380-V de, and 

can deliver up to 1500 W. Pricing 
starts at $0.60 per watt. 

Vicor Westcor Div., 560 Oakmead 
Pkwy., Sunnyvale, CA 94086; Sales 
Dept. (408) 522-2580; fax (408) 774-
5555; www.vicr.com. CIRCLE 584 

N-Channel MOSFETs 
Exhibit Low RDS(ON) 
The FS100VSJ-03 is part of the com¬ 
pany’s line of logic-level, n-channel, 
surface-mount, power MOSFETh that 
have an Rdsion) of 4.7 mQ. The 100-A, 
30-V device uses a trench gate process 
that allows for a cell density of up to 17 
million. It comes packaged in a TO-
220S. The line features versions rang¬ 

ing from 30 to 150 V, and from 0.1 to 
100 A. Pricing is $5.14 each per 1000. 
Samples are available from stock, 
while delivery in quantity is from 8 to 
12 weeks. 
Powerex, 200 Hillis St., Youngwood, 

PA 15697,(800)451-1415. 
CIRCLE 585 

Medical-Grade UPS Gives 
Battery-Reserve Indication 
The Life-Guard UPS is a medical¬ 
grade UPS with battery-reserve indi¬ 
cation. Available with ratings of 400 
and 1000 VA, the device has line-volt-
age isolation to over 120 dB and a leak¬ 
age current of under 500 pA. Other 
features include hot-swap battery 
packs, ten minutes of power backup at 
full load, and overvoltage protection. 
Pricing for the 1000-VA version is 
$1500; delivery is four to six weeks. 

Xentek Power Systems Inc., 1770 La 
Costa Meadows Dr, San Marcos, CA 
92069; Fernando McLean (760) 471-
4001 ; fax (760) 471 -4021 ; Internet: 
www.xentek.com. CIRCLE 586 

LCD & 

MODULE 

MAKERS. 
Custom displays and technical support. 

DCI products are made in the USA 

INCORPORATED reader service 131 

Creative technology for visual 
displays ... from numeric to 
graphic. We are the LCD and 
Module Makers. DCI designs and 
fabricates complete custom 
LCD’s and Modules for industrial, 
commercial and military applica¬ 
tions worldwide. 

Our sales and production 
engineers are eager to share their 

knowledge and experience in the creation of your LCD or Module. 

We furnish personal application and design assistance. Product 
performance, package design, miniaturization, backlighting and 
drive circuitry are our areas of expertise. 

Check into our fast turn-around delivery of circuit design, 
prototypes and production units. DCI, the LCD and Module Makers, 
is the solution to your display problems. Call Larry Shelton or Tyson 
Hoffman at 913-782-5672 for more information. 

READER SERVICE 201 
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PIPS PRODUCTS 

gramming speed is 150 ms (typical, 
with load), the regulation is under 
0.1%, and the rms ripple is under 20 
mV. Other features include an IEEE-
488.2 or RS-232C interface, EMI fil¬ 
ters on the input, and optional CE 
marking. Pricing is from $4935. 

Sorensen, 9250 Brown Deer Rd., San 
Diego, CA 92121 ; Sam Lewis (619) 
458-0246; fax (619) 458-0237; e-
mail: saml@elgar.com. CIRCLE 588 

Pc-Board-Mounted Converter 
Outputs Up To 15 kV 
The MM Series of high-voltage dc-dc 
converters come in four package sizes 
with output voltages from 300 V up to 
15 kV, at 1.5 or 2.5 W. Reversible mod¬ 
ules also are available. All models take 
input voltages of 9-, 12-, or 24-V de, 
and input currents of less than 1 A. 
(continued on page 112) 

POWER 

Point-Of-Use Transfer Switch 
Enhances Supply Reliability 
The SmartSwitch line of point-of-use 
transfer switches enhance ac-line relia¬ 
bility in mission-critical applications. 
The device provides rapid switching 

between two independent ac power 
sources with a transfer time of 2 to 6 
ms. Features include automatic trans¬ 
fer under fault conditions, diagnostics, 
hot-swappability, LED indicators, and 
ETL listing to UL 1008 for safety. Pric¬ 
ing is from $5500, and is available now. 

Liebert Corp., 1050 Dearborn Dr., 
P.O. Box 29186; Columbus, OH 
43229; Sales Dept. (800) 877-9222; 
www. liebert. com. CIRCLE 587 

DC Programmable Supplies 
Target Test And Measurement 
Available in six models, from 16 to 160 
V ac, the Pro-T Series of de program¬ 
mable power supplies take a 10-kW, 
three-phase input and yield an effi¬ 
ciency of up to 80% at full power. Tar¬ 

geting high-power burn-in and auto¬ 
matic test applications, the supplies 
feature SCR-controlled regulation, 
full remote control and monitoring, 
and overvoltage protection. The pro¬ 

Circle No. 199 - For Sales Contact 
Circle No. 200 - For Literature 

BETA TRANSFORMER 
TECHNOLOGY CORPORATION 
40 Orville Drive. Bohemia, NY 11716 (516) 244-7393 FAX: (516) 244-8893 
A Subsidiary of ILC Dataafvice Corporation 

CUSTOM & STANDARD 
MAGNETICS 
FOR INDUSTRIAL, 
MILITARY AND 

SPACE APPLICATIONS 

Custom Designs 
I5S3 Data Bus Couplers 

Pulse Transformers 
Precision Scott-T’s 

Reference Transformers 
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RF 
CONNECTORS 

■ SMA 
■ SMB 
■ SMC 

■ WATERPROOF 
■ F 

■ TNC 
■ UHF 

■ TWINAX 
Custom designs welcome. 

Agressive Pricing! 

ELECTRONICS INC. 

10421 Burnham Dr. NW #4 
Gig Harbor, WA 98332 

Phone: (253) 851-8005 
Fax: (253) 851-8090 

V7ww.adelectronics.com 
email- adinfo@adelectronics.com 

READER SERVICE 209 

PIPS PRODUCTS 
POWER 

( continued from page 111) 

Features include built-in arc protec¬ 
tion, an external feedback loop, full en¬ 
capsulation, and wave solderability. 
Pricing is from $55 each; delivery is 
from stock to six weeks. 

Spellman High Voltage Electronics 

Corp., 475 Wireless Blvd., Hauppauge, 
NY 1 1788; (516) 630-3000; fax (516) 
435-1620. CIRCLE 589 

PFC Module Saves On 
Space And Cost 
The Model 7720 is a power-factor-cor¬ 
rection hybrid module that saves on 
space by including the rectifier bridge, 
along with an ultra-fast output diode 
and four 500-V, 0.01-W FETs. De¬ 

signed for the front end of supplies in 
the 1200- to 2500-W range, with mini¬ 
mum input voltages of 84 to 168 V, the 
module incorporates internal temper¬ 
ature-sensing protection. The device 
has a profile of 0.200 in., standard, 
0.200-in. pitch, and mounts directly to 
the heatsink with a bolt-on, four-hole 
frame. It can handle up to 20 A rms 
with efficiencies of over 90%. Pricing 
is $35 each in quantity; delivery is six 
to eight weeks. 

B/ Technologies Corp., 4200 Bonita 
Pl., Fullerton, CA 92835; Janet Vani-
man (714) 447-2371; fax (714) 447-
2400; e-mail: ¡vaniman@ni.net. 
CIRCLE 590 

Voltage-Regulator IC Combines 
Two Circuits Into One 
To minimize cost and board space, the 
BA41W12ST five-terminal voltage 

regulator combines an 8-V, 1-A and a 
5-V, 500-mA circuit into a single de¬ 
vice. Packaged in a TO220FP-5 pack¬ 
age, the device comes with power 
management that allows unnecessary 
circuits to be turned off and ensures a 
standby current of less than 10 pA. 

Other features include a maximum 
power-supply voltage of 35 V, a power 
dissipation of 2000 mW, and an operat¬ 
ing temperature range of-40° to 85°C. 
Pricing is from $0.70 each per 10,000; 
delivery is 14 weeks. 

Rohm Corp., Rohm Electronics Div., 

3034 Owen Dr., Antioch, TN 37013; 
Sales Dept. (888) 775-ROHM; fax 
(615) 641-2022; Internet: 
www. rohmelectronics. com. CIRCLE 591 

Auto-Ranging AC-DC 
Converters Output 1100 W 
The UNV300/B is an auto-ranging ac-
dc converter that can accept voltages 
from 85 to 265 V ac, at frequencies of 
47 to 440 Hz, and output up to 300 V de 

at power levels up to 1100 W. With an 
efficiency of 97%, the supply requires 
no heatsinking for applications requir¬ 
ing 300 W or less over the operating 
temperature range of -55° to 100°C. 
All are UL, VDE, and CE certified. 
Pricing is $45 each per 100; delivery is 
in 30 days. 
Powercube, 9340 Owensmouth 

Ave., Chatsworth, CA91311; Customer 
Service (800) 866-3590; fax (800) 
866-3589. CIRCLE 592 
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Now, there's a 

BETTER SOURCE FOR 

your CPLD socket! 

Risk? 

Who needs it 

Now Atmel has another 128 MACROCELL device that DROPS RIGHT INTO EXISTING 
SOCKETS CURRENTLY OCCUPIED BY THAT OTHER INDUSTRY-STANDARD DEVICE. AND ATMEL HAS 

the price and delivery you need! You'll love to buy it. And your engineers 
will love to use it because it offers important advantages over the original 
part. For example, much improved routability means designs fit easier 

Name:_ 

Title. 

Company: 
Mail Stop: 

Street Address: 
Zip Code: State: 

City: 

“-route 
re usable 
more. All 
nily is just 
md-

Atmel's new ATF1508AS 

CPLD is a smart 

replacement for those 

WHO NEEDS RISK? 
NOW YOU HAVE A PERFECT SECOND SOURCE 

for your cplds. 
HOTLINE: 34S-337S 

FREE product sample 8« o™» », «"9 .P«»». pad^ ED 3/3/33 

el.com 

America) 
tional) 
:om 
JARTERS: 
San Jose, CA 95131 
X: (408) 487-2600 



Introducing the industry’s finest line of 0.25,t<m 
(0.18,um L-effective) ASICs: 

□ CB-CIO cell-based ASICs 
□ FA-C10 embedded arrays 

Want to integrate all the circuitry for a digital set-top 
box on a single chip? No problem. Just use NEC’s 
new generation of cell-based ASICs. 
Our 0.25pm drawn ASIC families take you to new 

heights of System-Level Integration. They give you 
the power to dominate your competition in a wide 
range of high-performance applications including: 

multimedia, PCs, workstations, graphics, mobile 
phones and trunk communications systems. 

20 million gates; 300MHz speed 
Our new generation ASICs offer extremely high 
gate utilization. The CB-CIO cell-based ASIC family 
supports up to 20 million gates. You get up to seven 
million gates with our EA-C10 embedded arrays. 
The high-performance CB-CIO family also features 

blazing speed: 300MHz clock frequency. Power 
dissipation is only 0.04pW/MHz/gate for 2.5V operation. 

The industry’s first mixed-module process 
NEC's new ASICs are ideal for SLI because our 
‘modular’ process allows integration of cores that 
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the price and delivery you need! You'll love to buy it. And your engineers 
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and faster, even with intensive applications. Now you can re-route 
more easily, even after locking pin assignments! You get more usable 
gates, plus Atmel's unique low power "L" feature, and much more. All 
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ATF1502AS 1500 750 32 36 7.5 Yes 44 PQFP/TQFP/PQFP 

ATF1504AS 3000 1500 64 68 7.5 Yes 44 PLCC/TQFR 68/84 PLCC, 100 PQFP/TQFP 

ATF1508AS 6000 3000 128 100 7.5 Yes 84 PLCC, 100TQFP/PQFR 160 PQFP 

ATF1516AS 12000 6000 256 164 10 Yes 160/208 PQFR 192 PGA 
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Now Atmel has another 128 MACROCELL device that drops right into existing/ 

SOCKETS CURRENTLY OCCUPIED BY THAT OTHER INDUSTRY-STANDARD DEVICE. AND ATMEL HAS 



Introducing the industry’s finest line of 0.25,urn 
(0.18,um L-effective) ASICs: 

' ]CB-C10 cell-based ASICs 
□ FA-CIO embedded arrays 

Want to integrate all the circuitry for a digital set-top 
box on a single chip? No problem. Just use NEC’s 
new generation of cell-based ASICs. 
Our 0.25^01 drawn ASIC families take you to new 

heights of System-Level Integration. They give you 
the power to dominate your competition in a wide 
range of high-performance applications including: 

multimedia, PCs, workstations, graphics, mobile 
phones and trunk communications systems. 

20 million gates; 300MHz speed 
Our new generation ASICs offer extremely high 
gate utilization. The CB-C10 cell-based ASIC family 
supports up to 20 million gates. You get up to seven 
million gates with our EA-C10 embedded arrays. 
The high-performance CB-C10 family also features 

blazing speed: 300MHz clock frequency. Power 
dissipation is only 0.04/zW/MHz/gate for 2.5V operation. 

The industry’s first mixed-module process 
NEC's new ASICs are ideal for SLI because our 
‘modular’ process allows integration of cores that 

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 Tel: 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:02-551-0¿50. Fax:02-551-0451. 
SINGAPORE Tel:253-8311.Fax:250-3583 AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3454-1111 .Fax:03-3798-6059. 
On the Internet at http://www.ic.nec.co.jp/index_e.html 



The finest 0.25A¿m ASICs 
arrive en masse 

Density up to 20 million gates 
300MHz benchmarked system speed 

Power dissipation down to 0.04¡uW/MHz/gate at 2.5V 
Integration of DRAMs and analog circuits 

In volume production 

demand different process technologies. Now you can 
combine CPUs and logic with DRAMs and analog 
circuits-all on the same chip. 

Comprehensive macros, advanced design system 
To facilitate SLI, we offer a broad selection of 
complex digital and mixed-signal cores. For fast, 
smooth design flow, use our OpenCAD™ Design 
System version 5. It’s a unified front-to-back-end 
design environment that allows you to mix and match 
popular third-party tools with our specialized tools 
such as clock tree synthesis and floorplan. 

Wide choice of package options 
We offer a variety of package types with a pad pitch 

of 40 microns to support our new ASICs. Package 
options include: Plastic/Tape BGA, Plastic QFP, 
Flip-chip (2000 pins max.) and chip-scale package. 

The logical choice for SLI 
System-Level Integration is the key to success 
in high-performance products, and NEC offers 
everything you need to succeed in SLI. 
Our leadership is based on advanced process 

technologies, systems knowledge, ASIC design 
expertise and comprehensive macro libraries for 
a wide range of applications. While other vendors 
talk about 0.25^m ASICs, we’re ready to deliver 
them in mass production quantities. That makes 
NEC your logical choice for success in SLI. 
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NEC MULTIMEDIA 
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Test & Measurement 
: 

Improving designs while turning them out faster and less expensively 

State-Of-The-Art AWGs Shuffle The 
Cards On Telecom Testing 

If You've Considered And Rejected An Arbitrary Waveform 
Generator In The Past, It May Be Time For A Second Look. 

BRUCE VIRELL, Tektronix Inc., P.O. Box 500, M/S 38-303; Beaverton, OR 97077-0001; (503) 627-1191; 
e-mail: bruce.virell@tek.com. 

The telecommunications market is 
demanding and dynamic, with 
twin forces-rapid expansion and 

quality expectations-creating an enor¬ 
mous challenge for designers. These 
engineers work at the cutting edge of 
network and wireless technology. At 
the same time, they must produce ad¬ 
vanced products at lower costs, and on 
schedules that are measured in 
months, and sometimes only weeks. 
Moreover, the product must work 
right the first time, with no exceptions, 
otherwise the opportunity for market 
domination can be completely lost. 

Aware of these relentless demands, 
telecommunications designers rely 
heavily on simulation to ferret out the 
hidden flaws in a device before it goes 
into production. Simulation does not, 
however, provide a complete picture 
of a system’s real-world performance. 
There are just too many variables— 
both in design and manufacturing—to 
effectively simulate a product’s behav¬ 
ior without the aid of hardware. 

The best way to thoroughly examine 
a design is to couple simulation with 
rigorous prototype testing. This is ac¬ 
complished by completely characteriz¬ 
ing the device or system on both the 
physical and protocol layers. The de¬ 
signer also must stress test the product 
to ensure its operation under such ad¬ 
verse conditions as jitter, bit-pulse im¬ 
pairments, code violations, and noise. 

Using an arbitrary waveform gen¬ 
erator (AWG) to quickly create an un¬ 
limited range of waveform stimuli is 

one of the best ways to enhance proto¬ 
type testing of a telecom system. Un¬ 
like a bit-error-rate tester (BERT), an 
AWG can go beyond ideal signals and 
generate the anomalies, intersymbol 
effects, jitter, and signal degradation 
that occur in the real world, helping 
the telecom designer fully determine 
the performance of a product under 
actual operating conditions. 
F or example, acceptable data com¬ 

munications signal tolerances for net¬ 
work physical-layer testing are well 
defined by industry standards. How¬ 
ever, most current protocol analyzers 
or BERTs do not test bit pulse ex¬ 
tremes as defined by the industry 
pulse-mask standards. An AWG, on 

the other hand, simulates serial data 
signals and tests a device with the 
pulse extremes to standards. This 
limit testing is extremely useful in 
verifying that a device or system truly 
conforms to a telecom standard. 

It is important to note that an AWG 
does not eliminate the need for a 
BERT or protocol analyzer. The rea¬ 
son behind this is that a 1-GHz AWG’s 
analog output supports physical-layer 
testing of communications data rates 
up to 250 MHz, providing four points 
per cycle. Instead, an AWG comple¬ 
ments existing test tools such as a 
BERT and digital storage oscilloscope 
(DSO), helping to extend the range of 
testing that a designer can perform. 

1. An arbitrary waveform generator does not eliminate the need for a bit-error-rate tester, but it 
can be synchronized with one and used to stimulate a telecommunications device. 
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TEST & MEASUREMENT AWGs AID TELECOM TESTS 

This is possible because modern 
AWGs seamlessly interact with other 
test and measurement instruments, 
exchanging pertinent information be¬ 
tween them (Fig. 1). 

An AWG can be synchronized with 
I a BERT, and used to stimulate a de¬ 
vice under test (DUT), with the 
BERT receiving, analyzing, and dis¬ 
playing the output from the system. A 
typical prototype test scenario is as 
follows: First, the designer uses the 
BERT to perform protocol testing. 
Then, moving to the physical layer, the 
designer either selects from the AWG 
internal library, or downloads simula¬ 
tion vectors directly into the AWG. 

Using the isolated bit-pulse impair¬ 
ment features of a modern AWG, the 
generator then creates those vectors 
needed for “what if’ scenarios and 
stress testing of the prototype. The 
AWG creates serial-data signals, for 
example, to determine if the DUT 
complies with the specified telecom 
pulse-mask standard. The designer 
also quickly tests for different loading 
and possible worst-case scenarios, 
such as fading in a wireless design. 
Testing for peak or region shifting and 
all types of jitter or jitter modulation 
can also be performed, including tests 
for low- and high-frequency jitter, and 
jitter on an individual or isolated bit. 

Streamline Debugging 
If there is a performance issue, an 

AWG significantly streamlines the task 
of isolating and debugging the problem. 
In conjunction with a BERT and a DSO, 
the AWG creates a full debug¬ 
ging environment, eliminating 
the need for special or custom 
debug circuitry, or combina¬ 
tions of multiple signal genera¬ 
tors. First, the DUT can be 
stimulated with the BERT's 
transmitter section. If an er¬ 
ror occurs, the advanced logic 
or mask triggering capabilities 
of the DSO will trigger and 
capture the aberrant behavior. 
In this way, the conditions that 
caused the error can be recre¬ 
ated by the AWG on a repeti¬ 
tive basis, enabling the de¬ 
signer to quickly zero in on the 
source of the error. This com¬ 
bination is particularly power¬ 
ful when the error-generating 
events occur infrequently. 

With all they have to offer, you 
would think that AWGs would be part 
of every telecom designer’s suite of 
test tools. But the fact is they are not. 

Until just a few years ago, AWGs 
did not offer the performance required 
for telecom applications. Fortunately, 
today’s AWGs change all that. The 
newest AWGs deliver the advanced 
capabilities required for telecom test¬ 
ing—up to 250-MHz data standards 
using the analog outputs, and up to 1-
GHz parallel data rates when using 
the digital output. Many new electrical 
telecom standards now exceed 1 GHz, 
such as fiber-distributed data inter¬ 
face (FDDI) and Ethernet. Optical 
standards are going way beyond that, 
making it is absolutely essential that 
an AWG be able to keep pace. 

Modern AWGs also supply suffi¬ 
cient vertical resolution (some up to 10 
bits at 1 GHz) to allow telecom design¬ 
ers to go beyond idealized square 
waves, and precisely create extreme, 
real-world conditions such as high-fre¬ 
quency jitter and noise. Using these 
examples of worst-case telecom sig¬ 
nals, the designer can quickly deter¬ 
mine the robustness of an application. 

Along with enhanced throughput 
and vertical resolution, leading-edge 
AWGs support extremely long record 
lengths. These deep memories let the 
designer recreate the message stream 
more completely with its pulse shape 
and information content. Longer 
record lengths eliminate having to 
sacrifice simulation accuracy by pro¬ 
viding enough storage capacity for 

fast, detailed waveforms. 
Some of the newest AWGs go be¬ 

yond simply improving overall perfor¬ 
mance by providing specialized fea¬ 
tures tailored for telecom applications. 
A few even have built-in telecom stan¬ 
dards. The AWG 500 Series from Tek¬ 
tronix, for example, supports DS1, 
DS3, STS1, and many more standards. 
New, emerging standards also can be 
added using a floppy disk or the built-
in Ethernet port. 

Real-Time Sequencing 
Along with standards, the leading¬ 

edge AWGs provide real-time se¬ 
quencing that allows for essentially in¬ 
finite record lengths. Sequencing 
capability has been around for some 
time. Basic sequencers execute simple 
functions like looping, which allows for 
the limited repetition of waveforms in 
memory. More advanced sequencers 
also allow the concatenation of multi¬ 
ple signals to form more complex 
waveforms. However, both of these 
types of sequencers require their con¬ 
tent be compiled and stored into mem¬ 
ory as a single waveform file. To exe¬ 
cute 64,000 repetitions of a waveform 
that has been constructed from 1,000 
data points would, when compiled, re¬ 
quire a 64 Mword memory. 

That’s not the case with a real-time 
sequencer, which requires only 1000 
words of memory to store the defining 
wavepoints. The AWG then uses an in¬ 
ternal counter to perform 64,000 loops 
on the record. This type of architec¬ 
ture can be compared to a computer 

routine capable of executing 
loops, jumps, Go Tos, and sim¬ 
ilar instructions. Thus, mem¬ 
ory requirements are signifi¬ 
cantly reduced, and the 
effective record length can 
handle almost infinite data 
stream lengths. 

With a real-time sequencer, 
the AWG provides yet another 
advantage to telecom applica¬ 
tions: the ability to respond 
immediately to error condi¬ 
tions from the DUT. With a 
dedicated 4-bit jump (error) 
input, the AWG provides up to 
16 different programmed 
states through the sequencer, 
which can respond with prede¬ 
fined jumps to subroutines 
within the memory. A com-

2. A problem-causing signal like this example of isolated bit-pulse jitter 
can be created easily with modern AWGs. 
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píete characterization procedure can, 
therefore, be designed around a se¬ 
quence that iteratively widens or nar¬ 
rows a nominal pulse toward a mask’s 
outer violation boundary until an error 
condition is detected through either the 
DUT, BERT, or DSO. The AWG se-

I quencer might then respond by jump¬ 
ing to a debug routine. In this case, the 
AWG brings a high level of repeatabil¬ 
ity and automation to an otherwise diffi¬ 
cult characterization task. 

The primary output of the AWG is, 
of course, analog, even when the de¬ 
sired signal is essentially a serial data 
stream. Frequently, however, telecom 
devices also require concurrent testing 
of digital trigger, gate, or clock inputs. 
For this reason, modern AWG archi¬ 
tectures also provide from 10 to 24 
channels of phase-synchronous digital 
output with clock speeds up to 1 GHz, 
and pattern depths of up to 4 Mwords. 

Other telecom-related capabilities 
now available include built-in digital 
filtering. With this feature, designers 
can apply different filter distributions 
to the output and edit in the frequency 
domain. As a result, the telecom de¬ 
signer can quickly create “what-if’ 
signal response conditions to fully ex¬ 
ercise the prototype device or system. 
These filters also can be used to band¬ 
limit the AWG’s built-in random noise 
generation when stress-testing the 
system. With the AWG 500 Series, this 
noise generation is truly random, as 
opposed to pseudo-noise generation, 
which is constrained by the genera¬ 
tor’s clock resolution. Some AWGs 
even provide comprehensive telecom 

jitter generation—from worst-case, 
single-bit to overall jitter—making it 
easier for the designer to create pre¬ 
cise timing and amplitude impair¬ 
ments caused by jitter (Fig. 2). 

Testing A SONET Chip 
All these waveform generation ca¬ 

pabilities make AWGs extremely use¬ 
ful for thoroughly characterizing a 
telecom system during the prototype 
stage. The discussion that follows illus¬ 
trates a real-world application. The ex¬ 
ample involves a stress test of a 
SONET transceiver chip designed for 
the STS-1 standard, where an AWG 
can be used to simulate the electrical 
signal prior to optical conversion. This 
particular chip was part of a larger sys¬ 
tem designed for the telecom market. 

First, a BERT was used for the ini¬ 
tial tests on the chip, which demon¬ 
strated infrequent, excessive bit-error 
conditions. The BERT did not, how¬ 
ever, provide a clear reason for the 
failure, and due to the infrequency of 
the problem it was impossible to iso¬ 
late or debug the cause. At this point, 
designers begin tracing back through 
the design to find the root of the occa¬ 
sional high error rates. While BE Rik 
and protocol analyzers provide error 
counting and pass/fail test results, 
they do not provide the critical insight 
about the device’s electrical signal that 
caused the error. 

The designers first suspected a 
physical-layer problem, and decided to 
stress the circuit under test with an 
AWG. Their goal was to create signals 
that, when applied to the test circuit, 

would increase the frequency of error 
conditions. This would be accom¬ 
plished by testing with a data stream 
where elements were constructed 
from a series of varying pulse shapes. 
These pulse shapes are designed to 
stress the circuit to STS-1 Bellcore 
mask standards. 

Telecom signal creation using an 
AWG consists of three steps. First, we 
choose the desired nominal pulse 
shape, STS-1 in our example. Second, 
we select either an ideal data stream 
from the built-in AWG library or 
download a simulation with the appro¬ 
priate timing elements. Finally, we 
use the super position capability of the 
AWG to convolve the two signals to 
form the final test signal. 

The testing in our example started 
with a bit stream const meted with the 
STS-1 nominal pulse shapes selected 
from the AWG’s internal library. The 
results provided infrequent error con¬ 
ditions similar to those observed with 
the BERT transmitter output. 

Next, the equation editor was used 
to define the two outer zones of the 
STS-1 wide pulse mask (Fig. 3). The 
waveform stressed the wide portion of 
the Bellcore mask standard. To do so, 
the wide pulse created was signifi¬ 
cantly longer than the pulse template 
because the template allowed the 
trailing end of the waveform to have a 
de offset. Several unit intervals were 
used after the end of the defined pulse 
template to bring the de level back 
down to zero so that there would be no 
nonphysical abrupt transitions in the 
resulting waveform after convolution. 
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3. To stress test a telecommunications device, nominal pulses like this STS-1 signal can be called from the AWG's library of waveforms (a), then 
widened using the generator's waveform editor until the device under test no longer passes the pulse accurately (b). 
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Finally, using the graphic editor, 
the designers generated a waveform 
that stressed the narrow limits of the 
standard. Note the difference in the 
time scale between the wide pulse in 
Figure 3b and the narrow pulse shown 
in Figure 3a. The built-in waveform 
definition capability, like the convolu¬ 
tion and equation editor, made it possi¬ 
ble to develop and complete new tests 
in just a matter of hours as data be¬ 
came available on the type of wave¬ 
forms that were causing the problems. 
Previously, designers would have had 
to laboriously piece these waveforms 
together using unwieldy text editors. 

With these waveforms, the design¬ 
ers were able to efficiently test the 
chip to the limits of the STS-1 stan¬ 
dard, and to observe how the device 
behaved under these stress condi¬ 
tions. The output from the AWG was 
connected to the SONET transceiver 
chip using a 75-ohm terminator. The 
output of the transceiver was con¬ 
nected to a BERT to measure the bit 
error rate. 

Using the AWG-generated input, 
the evaluation testing clearly showed 
that the problem stemmed from a de¬ 
fect in the transceiver chip design. The 
errors were due to the chip’s inability 
to accept a valid signal at the widest 
limit of the STS-1 Bellcore mask. After 
determining that, the designers were 
able to quickly rectify the problem. 
Without the AWG, the designers could 
have spent days, or even weeks, trying 
to find the design defect. By identify¬ 
ing problems like this one early in the 
design cycle, the designers gained con¬ 
fidence in the robustness and reliabil¬ 
ity of their final telecom product. 

These examples demonstrate that 
telecommunications designers who 
have considered an AWG in the past, 
and found them lacking, should recon¬ 
sider adding a state-of-the-art AWG to 
their bench. The newer instruments’ 
functionality and ease of use provide a 
much more effective and efficient 
means for fully characterizing and de¬ 
bugging telecom designs. 

Bruce Virell is a marketing man¬ 
ager for the AWG Signal Sources 
Group in Tektronix’s Measurement 
Business Div. He received BS degrees 
in both engineering and business ad¬ 
ministration from the University of 
Portland, Ore. 

1997EDA 
Market Study 
The 1997 Electronic Design 
Automation (EDA) Study 

sponsored by Electronic Design 
magazine, provides critical 

survey information with a focus 
on EDA marketing executives 
and user/engineers. Conducted 
by the market research firm, 

EDAToday, L.C., 
results serve as 

strategic marketing 
opportunities for suppliers. 

Survey results will 
present information on: 
• The respondents 
• Platform trends 

• Internet and web usage 
• Spending patterns 

• Design trends 
• Cross tabulation results 

on EDA issues 

ELECTRONIC DESIGN 
I-1 
YES, send me_copy(ies) 

of The 1997 EDA Study for 
$495.00 ‘each 

+ $5.00 S&H per copy. 
‘Residents add appropriate sales tax 

I (CA, CT, FL, GA, IL, MA. MN. NJ, OH. PA. Wl, Canada) 

I □ Visa □ Master Card □ Amex 

Card#_Exp_ 

Account name_ 

I Signature_ 
I Name_ 
I Company_ 

I Address_ 

City_ 
I State_Zip_ 
I Phone_ 
I Fax_ 

Fax this order form to: 
I 201/393-6073 
I ELECTRONIC DESIGN, 

Attn: Deborah Eng, 
or contact EDA Today, L.C. 

at: WWW.edat.com 
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Announcing the three 
most enlightening days 
in embedded design. 

IQ 1998 
Smart Solutions for Smarter Products.™ 

May 11-13 

San Francisco 

Industry Trends 

Embedded Internet® 

l2O 

Design Methodologies 

Global Communications 

Digital imaging 

For three days this May, the best and 
brightest in real-time embedded design will 
descend upon San Francisco. It's IQ 1998: 
Smart Solutions for Smarter Products™ 
and it’s your chance to stay on top of 
the hottest areas of embedded hardware 
and software design. 

Cosponsored by Intel and Motorola, the 
conference will be an intense three days of 
educational and interactive seminars that 
cover everything from emerging embedded 
technologies to in-depth analyses of topics 
such as Embedded Internet applications. 
In addition to keynotes and general 

^WindRiver 
An ISO 9001 Registered Company 

sessions, there will be over 50 breakout 
seminars to choose from. 

So plan to join us at the Fairmont 
Hotel, May 11-13th for the big event. 
Call Nadeen Wong at LKE Productions 
at (415) 544-9300 for more information, 
or visit www.wrs.com. It's one conference 
that you don't want to miss, unless of 
course, you prefer to be left in the dark. 

í? IW8 Wind River Systems Inc IQ 19*»« Smart Solutions for Smarter iVducts Embedded Intenrt and the Wind River Systems logo are trademarks registered trade-larks or service marks of Wind Rrve Syst-ms. Inc All other company names arc tire property oí their reepeove ho'tk-rs 
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TEST & MEASUREMENT PRODUCTS 

Program Turns A PC 
Into A Data Analyzer 
Gemini-PC is software that trans¬ 
forms a Windows-based PC into a data 
analyzer for testing the transmission 
performance of many types of data-

I communications equipment. The pro¬ 
gram works with a standard PC inter¬ 
face and communications protocols. It 
uses file-transfer throughput and call¬ 
connect reliability tests to character¬ 
ize the performance of external, inter¬ 
nal, and controllerless modems; ISDN 
terminal adapters; cable modems; re¬ 
mote access servers; and other equip¬ 
ment. Gemini-PC comes as a complete, 
ready-to-run application and as an Ac¬ 
tiveX control to support custom soft¬ 
ware development. An intuitive Win¬ 
dows interface simplifies operation. 
Gemini-PC works with all Windows 
95/NT platforms. A 90-MHz Pentium 

PC with 32 Mbytes of RAM is recom¬ 
mended. Prices for Gemini-PC (part 
number TAS-GMPC-10X) start at 
$1950. Delivery is stock to four weeks. 

Telecom Analysis Systems Inc., 34 In¬ 
dustrial Way, Eatontown, NJ 07724; 
(732) 544-8700; fax (732) 544-8347; 
76546.2353@compuserve. com. 
CIRCLE 593 

Optical-To-Electrical Converters 
Test SONET/SDH Signals 
A pair of optical-to-electrical convert¬ 
ers for Tektronix sampling oscillo¬ 
scopes allows accurate characterizing, 
debugging, and verifying for stan¬ 
dards compliance of SONET/SDH 
OC1/STM0 through OC48/STM16 op¬ 
tical communication signals. The SD-
44 15-GHz unit is optimized to charac¬ 
terize the pulse shape of optical signals 
up to 2.488 Gbits/s, where frequency 

components five times the data rate 
are required to be analyzed. The con¬ 
version gain of 35 mV/mW and noise 
floor of 15 pW per root hertz provide 
enhanced performance over existing 
high-bandwidth converters. 

The ORR24 is an amplified 2.0-GHz 
converter with a built-in fourth order 
Bessel-Thompson frequency response, 
as required by the ITU-T G.957 stan¬ 
dard for a compliant SONET/SDH 
2.488-Gbit/s reference receiver. The 
converter is calibrated at 1310- and 
1550-nm wavelengths and includes a 
frequency-response graph that certi¬ 
fies a controlled frequency response 
out to twice the data rate. The convert¬ 
ers have the same form factor as other 
SD-xx sampling heads for the CSA803 
and 11800 series sampling scopes, and 
can be used with the TDS series oscil¬ 
loscopes featuring the optional exter-
(continued on page 126) 

Manufacturers Of Communications Test Equipment 
Analogic Corp. 
Measurement and 
Control Div. 

8 Centennial Dr. 
Peabody, MA 01960 
(978) 977-3000 
DPG,DSA 
CIRCLE 485 

Ancot Corp. 
115 Constitution Dr. 
Menlo Park, CA 94025 
(650)322-5322 
JAN, PRO 
CIRCLE 486 

Boonton Electronics Corp. 
P.O. Box 465 
25 Eastmans Rd. 
Parsippany, NJ 07054-0465 
(973)386-9696 
AUD, PMR, MOA 
CIRCLE 487 

Finisar Corp. 
274 Ferguson Dr. 
Mountain View, CA 94043 
(650)691-4000 
fax (650) 691-4010 
sales@finisar.com 
ATM, BER, NWT, 

OEC, OPM, PRO 
CIRCLE 488 

Fluke Corp. 
Networks Div. 
P.O. Box 9090 
Everett, WA 98206 
(800) 4435853 
(425) 347-6100 
ATM, DDA, FLO, ISD, 
LAN, WAN 
CIRCLE 489 

Fotec Inc. 
151 Mystic Ave. 
Medford, MA 02155 
(800)537-8254 
(781) 396-6395 
info@fotec.com 
www.fotect.com 
LAN, OPM 
CIRCLE 490 

Frontline Test Equipment 
Inc. 

P.O. Box 7507 
Charlottesville, VA 22906 
(804)984-4500 
BER, LAN, PRO, 
WAN 
CIRCLE 491 

General Signal 
Networks Inc. 

1300 Midiantic Dr. 
Mount Laurel, NJ 08054 
(609) 234-7900 
ATM, ISD, PRO 
CIRCLE 492 

Guide Technology Inc. 
1630 Zänker Rd. 
San Jose, CA 95112 
(408)453-8511 
JIT, MOA, TIA 
CIRCLE 493 

Hewlett-Packard Co. 
Direct Marketing Org. 
P.O. Box 50637 
Palo Alto, CA 94303-9512 
(800)452-4844 
ATM, BER, BSA, CER, 
CSA, DDA, DMT, 
DPG, DSA, FLO, INT, 
ISD, JIG, JIM, LAN, 
MOA, MTR, MTS, 
NOG, NOT, NWT, 
OEC, OPM, OTR, 
PRO, TDR, TIA, TRA, 
WAN 
CIRCLE 494 

IFR Systems Inc. 
10200 West York Ave. 
Wichita, K567215 
(316) 522-4981 
sales@ifrsys.com 
BSA, CER, MTS 
CIRCLE 495 

LeCroy Corp. 
700 Chestnut Ridge Rd. 
Chestnut Ridge, NY 10977 
(800)553-2769 
CMT, CSA, JIT 
CIRCLE 496 

Marconi Instruments 
13600 Heritage Pkwy. 
Fort Worth, IX 76177 
(800) 233-2955 
BER, BSA, CER, CSA, 
DDA, DMT, DPG, 
FLO, ISD, MOA, MTS, 
PRO, TDR, TRA 
CIRCLE 497 

Merge Technologies Group 
Inc 

211 Gateway Rd. West 
Suite 201 
Napa, CA 94558-6274 
(707)252-6686 

ISD, PRO 
CIRCLE 498 

Noise Com 
E. 64 Midland Ave. 
Paramus, NJ 07652 
(201) 261-8797 
BER, NOG, NOT 
CIRCLE 499 

Racal Instruments Inc. 
4 Goodyear St. 
Irvine, CA 92618 
(800) 722-2528 
ATM, CER 
CIRCLE 500 

Resonance instruments Inc. 
9054 Terminal Ave. 
Skokie, IL 60077 
(847) 583-1000 
MTS 
CIRCLE 501 

RIFOCS Corp. 
833 Flynn Rd. 
Camarillo, CA 93012 
(805) 389-9800 
BER, FLO, LAN, NWT, 
OPM 
CIRCLE 502 

(continued on p. 126) 
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Leading edge performance has been a defining 
feature of Audio Precision products since the • 
inception of our company in 1984. Thousands of our 
System One audio analyzers are in use worldwide, 
selected by design engineers for high performance 
•and by test engineers for our comprehensive pro- * 
grammable analog and digital audio measurement 
capabilities. 

Now our System Two true Dual Domain audio ana¬ 
lyzerjoins the System One, setting a new standard 
for performance and flexibility in audio frequency 
test & measurement. 

System two is a true Dual Domain analyzer. Other test 
instruments may have both analog and digital inputs 
and outputs... but they’re not true Dual Domain! 
They rely on performance-limiting converters to pass 
analog signals back and forth to a DSP core of digital-
only hardware. Passing signals through a/d or d/a 
converters for every measurement robs the test 
instrument of performance. System Two includes 

separate, independent hardware for direct audio 
measurements in both domains, plus additional and 
extensive interface rneasurpment capability in¬ 
cluding jitter measurements, eye patterns and al! 
other parameters described in AES3, the serial audio 
interface standard. 

The new standard of System two is represented by 
performance specifications such as guaranteed 
analog generator and analyzer residual thd+n 
of -108 dB, guaranteed analog signal flatness of 
±0.01 dB for the generator and analyzer; and 24 bit 
digital signal generation with 48 bit FFT dynamic 
range. 

From aircraft to automobiles, satellites to cell 
phones, headsets to hearing aids, System Two 
represents a new standard for audio frequency test 
& measurement applications, compare for yourself ■ 
our worldwide force of representatives will be 
pleased to provide comprehensive specifications 
and a true Dual Domain on-site demonstration. 

ZIudioM 
precision 

Audio Precision 
PO Box 2209 
Beaverton, Oregon 97075-3070 
Tel: (503)627-0832 FAX: (503)641-8906 
US Toll Free: 1-800-231-7350 

INTERNATIONAL DISTRIBUTORS: Australia: IRT Electronics Pty. Ltd.. Tel: 2 439 3744. Austria: ELSINCO GmbH. Tel: (1) 815 04 00 Belgium: Trans Eurtopean Music NV. Tel: 2 466 5010 Brazil: INTERWAVE LTDA.. 
Tel: (21) 325-5351 ; Bulgaria: ELSINCO Rep Office Sofia. Tel: (2) 958 12 45. Canada: GERRAUDIO Distribution. Tel: (416) 696-2779: China. Hong Kong: ACE (Inti) Co. Ltd, Tel: 2424-0387; Croatia: ELSINCO Rep Office Zagreb. 
Tel 1 68 09 14 Czech Republic: ELSINCO Praha spol s r.o, Tel: (2) 49 66 89. Denmark: npn Elektronik aps. Tel: 86 57 15 11 Finland: Genelec OY. Tel 77 8Í3 311. France: ETS Mesureur. Tel: (1) 45 83 66 41 Germany: 
RTW GmbH & Co. KG, Tel:221 70913-0. Greece: KEM Electrones Ltd, Tel: 1 67 48514 5 Hungary: ELSINCO Budapest KFT. Tel: (1) 269 18 50 India: Electro Dynamics. Tel: 512 364713: Israel: Dan-El Technologies. Ltd, 
Tel 3-647 8770 Italy: Audio Link s.n.c . Tel: 521 648723. Japan: TOYO Corporation. Tel: 3 (5688) 6800 Korea: B&P International Co. Ltd, Tel 2 546-1457; B&P (Kurm Office), Tel 546 53-7347/8 Malaysia: Test Measurement & 
Engineering Sdn.(Selangor). Tel: 3 734 1017; Test Measurement & Engineering Sdn. (Penang), Tel: 4 6422088; Netherlands: Heynen B V, Tel: 485 496 111; New Zealand: Audio & Video Wholesalers. Tel: 7 847-3414 Norway: 
Lydconsult Tel 47-69-178050 Poland: ELSINCO Polska sp. z o o, Tel (22) 39 69 79: Portugal: Acutron Electroacustica LDA. Tel: 1 9414087 / 9420862; Singapore: TME Systems Pte Ltd, Tel: 747-7234 Slovakia: 
ELSINCO Slovensko s ro Tel (7) 784 165 South Africa: SOUNDFUSION MFG, Tel: 11 477-1315. Spain: Telco Electronics. S. A . Tel 1 531-7101 Sweden; TTS Tai & Ton Studiolekmk AB. Tel: 31 52 51 50 Switzerland: 
Dr. W.A Gunther AG. Tel: 1 910 41 41 Taiwan R.O.C.: Double Advance Tech, Tel: 2-596 0696 Thailand: Massworld Company Ltd, Tel: 2-294-4930; United Kingdom: Thurlby Thandar Instruments. Ltd, Tel: (1480) 412451 

Dual Domain. Is a registered trademark of Audio Precision 
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TEST & MEASUREMENT PRODUCTS 

(continued from page 124) 
nal power supply. The ORR24 costs 
$10,495. The SD-44 is priced at $5995. 
Delivery is in four weeks. 

Tektronix Measurement Business 

Div., P.O. Box 1520, Pittsfield, MA 
01202; (800) 426-2200, press 3, code 
1073; (413) 448-8002; Internet: 
wvvw. tek. com/Measurement. 

CIRCLE 594 

Video Analyzer Features 
Improved CPU, Jitter Analysis 
The DVA184C Video BitAlyzer has 
been enhanced with improved CPU 
performance, a larger color LCD 
touch screen, and more hardware fea¬ 
tures for jitter analysis. New audio 
analysis software can test embedded 
auxiliary data, including AES/EBU 
digital audio. The instrument also fea¬ 
tures automated quality-control re¬ 

porting and remote-control capabili¬ 
ties. Five new screen views display 
embedded packet summary, embed¬ 
ded packet details, embedded audio 
control, embedded audio PCM data, 
and embedded audio waveforms. The 
DVA184C permits multi-standard 
525- and 625-line operation with both 
4:3 and 16:9 aspect ratios and 270- or 
360-MHz clock rates. Other features 
include a built-in multi-standard test 
pattern generator with still-store fea¬ 
tures; jitter inspection for stress test¬ 
ing; and a jitter FFT view that identi¬ 
fies systematic jitter interferences. 
The unit is certified for use in the Eu¬ 
ropean Union. Call for price and avail¬ 
ability information. 

SyntheSys Research Inc., 3475-D Edi¬ 
son Way, Menlo Park, CA 94025; (650) 
364-1853; (650) 364-5716; Internet: 
www. synthesysresearch.com. 

CIRCLE 595 

Unit Offers Stimulus, Response 
For Digital Test In One Unit 
The HP 81200 data generator/ana-
lyzer supplies stimulus and measure¬ 
ment capabilities for functional and 
parametric test in one mainframe. The 
instrument operates at speeds of 200, 
330, or 660 Mbits/s with accuracy suit¬ 
able for characterizing and verifying 
CMOS, biCMOS, and ECL devices. 
After comparing the captured data 
with the expected results, the ana¬ 
lyzer displays errors, either high¬ 
lighted in a state list or displayed as a 
bit error rate. Vectors can be loaded 
via GPIB or from ASCII files trans¬ 
ferred to the built-in hard disk. A Win¬ 
dows NT based-interface and editor 
function simplifies modification of ex¬ 
isting vectors or writing of new vec¬ 
tors. The unit stores one million vec-
(continued on page 128) 

Manufacturers Of Communications Test Equipment 
(cont.from p. 124) 
Rochelle Communications 
Inc 

8906 Wall St. 
Suite 205 
Austin, IX 78754 
(512) 339-8188 
TLS 
CIRCLE 503 

Schlumberger ATE 
1601 Technology Dr. 
San Jose, CA 95110 
(408)453-0123 
BER, CSA, ISD, JIT, 
NWT, PRO, TRA 
CIRCLE 504 

Sencore 
3200 Sencore Dr. 
Sioux Foils, SD 57107 
(605) 339-0100 
www.sencore.com 
CSA,DDA 
CIRCLE 505 

Stanford Research 
Systems 

1290-0 Reomwood Ave. 
Sunnyvale, CA 94089 
(408)744-9040 

DSA, JIT, NOG, TIA 
CIRCLE 506 

Sunrise Telecom Inc. 
22 Great Oaks Blvd. 
San Jose, CA 95119 
(408) 363-8000 
BER, DDA, ISD, PRO, 
TRA 
CIRCLE 507 

Synthesis Research Inc. 
3475-D Edison Woy 
Menlo Park, CA 94025 
(650) 364-1853 
BER, VID 
CIRCLE 508 

TAL Technologies Inc. 
2027 Wallace St. 
Philadelphia, PA 19130 
(800) 722-6004 
CSA, PRO 
CIRCLE 509 

Te k ele c 
26580 W. Agoura Rd. 
Calabasas, CA 91302 
(818) 880-7875 
ATM, BER, CSA, DDA, 
ISD, LAN, PRO, TIA, 

WAN 
CIRCLE 510 

Tektronix Inc. 
P.O. Box 1520 
Pittsfield, MAO 1202 
(800)426-2200 
ATM, BER, BSA, CER, 
CSA, DMT, DPG, FLO, 
ISD, JIG, JIM, LAN, 
MOA, MTR, MTS, 
OEC, OPM, OTR, 
PRO, TDR, TIA, TRA, 
WAN 
CIRCLE 511 

Telecom Analysis Systems 
Inc. 

34 Industrial Way East 
Eatontown, NJ 07724 
(732) 544-8700 
BER, ISD, MTS, NOG, 
PRO 
CIRCLE 512 

Telecommunications 
Techniques Corp. 
20400 Observation Dr. 
Germantown, MD 20876 
(301) 353-1550 
ATM, BER, ISD, JIG, 
JIM, LAN, NWT, 

PRO, TRA, WAN 
CIRCLE 513 

Wandel & Goltermann 
1030 Swabia Ct. 
Research Triangle Pork, NC 
27709 
(919)941-5730 
ATM, BER, ISD, JIM, 
LAN, OPM, OTR, 
PRO, WAN 
CIRCLE 514 

KEY 

ATM: ATM test equipment 
AUD: Audio analyzers 
BER: Bit-error-rote testers 
BSA: Broadband spectrum 
analyzers 
CER: Cellular radio test sets 
CMT: Communication mask 
testers 
CSA: Communication signal 
analyzers 
DDA: Digital data 
transmission analyzers 
DMT: Digital modulation 
testers 
DPG: Digital pulse generators 
DSA: Dynamic signal 
analyzers 

FLO: Fault locators 
ISD: ISDN test equipment 
JIG: Jitter generators 
JIM: Jitter measurement 
equipment 
LAN: LAN analyzers 
MOA: Modulation analyzers 
MTS: Microwave test sets 
NOG: Noise generators 
NWT: Network test sets 
OEC: Optical-to-electricol 
converters 
OPM: Optical power meters 
PMR: Power meters 
PRO: Protocol analyzers 
TIA: Time-interval analyzers 
TOR: Time-domain 
reflectometers 
TLS: Telephone-line 
simulators 
TRA: Transmission analyzers 
VID: Video analyzer 
WAN: WAN analyzers 
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Introducing the flicker-free Web TV encod 

Call 1 -800-4-HARRIS, ext. 7783 • www.semi.harris.com 
AnswerFAX: 1-407-724-7800, doc. 7064 Europe Fax: 44-1189-328148 

WebTV is a trademark of Philips Electronic» N.V. ‘For Macrovision at 

Our new HMP8154 encoder delivers 
the Web without the wobbles. 

3-line vertical flicker filter for sharper Web TV 

Four 10-bit DACs, RGB I/O, BT.656, S-Video 

PC-97 compliant, BT.601, square pixel operation 

7-color overlay mixing, selectable video timing, 
closed caption encoding 

Stocked in distribution 

Evaluation platforms available 

www.semi.harris.com/mmedia/ 

NTSC/PAL Encoders 

Encoder Features 
8154 81 56A with Flicker Filter 

81 56 A RGB I/O, BT.656, S-Video I 

8170 VBI, BT.656, S-Video 

8171 8170 with Macrovision* 

8172 8170 with SCART 

8173 8172 with Macrovision* 

HARRIS 
SEMICONDUCTOR 
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TEST & MEASUREMENT PRODUCTS 

VXI Products Include Improved Mainframes, 
FireWire Interface, M-Module Carrier 

(continued from page 126) 
tors, but the memory can be seg¬ 
mented to set up a sequence of loops 
for longer patterns. Pause segments 
are available so that dead times can 
be established without wasting mem¬ 
ory. The unit performs logical EXOR 
addition of two or four channels to 
simulate events like glitches and ir¬ 
regular pulse widths and then mea¬ 
sure maximum allowable distortion. 
A modular architecture permits flexi¬ 
bility in configuring the system. 
Prices range from $21,000 for a two-
channel, 200-Mbit/s unit to $470,000 
for a 120-channel, 660-Mbit platform. 
Delivery is in eight weeks. 

Hewlett-Packard Co., Test and Mea¬ 
surement Org., P.O. Box 50637, Palo 
Alto, CA 94303-9512; (800) 452-
4844, ext, 5662. CIRCLE 596 

Dual Generator Allows 
Easier CDMA Testing 
The 2026Q is an enhanced multi¬ 
source signal generator designed as a 
fully integrated radio-signal receiver 
for testing CDMA cellular and PCS 
handsets. The unit has two cali¬ 
brated, combined RF output sources. 
They eliminate the need for mechani¬ 
cal switching and additional RF com¬ 
bining or signal conditioning for tests 
like dual-tone interference and suc¬ 
cessful hand-offs between channels 
and between cellular, DCS, and PCS 
bands. 

In compliance with IS-95A, the 
2026Q provides outputs from 800 
MHz to 2.0 GHz at a combined output 
range of-127 to -13 dBm. The gener¬ 
ator features a calibrated signal path 
for test set output and a return path 
from transceiver to the test set re¬ 
ceiver input. This ensures high isola¬ 
tion between each of the transmit and 
receive paths between the test set, 
interfering signal sources, and trans¬ 
ceiver under test. Each source can be 
modulated from an internal or exter¬ 
nal source in am, fm, pm, pulse, and 
2/4-level FSK modes. The 2026Q 
costs $22,995. Delivery is in eight 
weeks. 

Marconi Instruments Inc., 13600 Her¬ 
itage Pkwy., Fort Worth, TX 76 177; 
(800) 233-2955; (817) 224-9200; fax 
(817) 224-9201; Internet: 
www. marconi-instruments. com. 

CIRCLE 597 

Anew family of VXIbus products 
is aimed at reducing the cost of 
VXI-based systems. At the same 

time, customers will be able to cus¬ 
tomize tests and increase the speed at 
which data move from VXI instru¬ 
ments to PCs. The products include 
four C-size mainframes, two improved 
B-size mainframes, an IEEE-1394 
PC-to-VXI interface, a B-size M-mod-
ule (mezzanine) carrier, and a C-size 
relay multiplexer. 

The new 13-slot C-size mainframes 
feature a higher-performance fan, 
and front-panel monitor lights to 
check power-supply, fan, and back¬ 
plane communication operation. A 
front-panel connector offers access to 
diagnostic information. The HP 
E8401A ($3695) has 550 W of usable 
power and the HP E8403A ($6395) 
1000 W. The HP E8402A ($6395) and 
HP E8404A ($7495) supply 550 W and 
1000 W, respectively, with enhanced 
monitoring. 

A menu-driven, full-color LCD on 
the front allows users to check tem¬ 
peratures, voltages, currents, power, 
and fan speeds. It also shows system 
messages, warnings, usage history, 
and maintenance timer and RS-232 
settings, using numeric, strip-chart, 
and histogram readouts. 

The two nine-slot, B-size main¬ 
frames have dual fans for improved 

Multifunction Unit 
Tests CDMA Radios 
The MS8606A digital mobile radio 
transmitter tester combines a trans¬ 
mitter tester, spectrum analyzer, 
power meter, and software to analyze 
signals in CDMA systems in the 300-
kHz to 3-GHz range. The 
instrument-which complies with IS-
95Z-97/-98 standards-can make mea¬ 
surements using only an antenna port 
connection if rho is equal to or greater 
than 0.9. It makes the measurements 
in less than two seconds. In external 
trigger and short code search mode, 
the analysis takes less than four sec¬ 
onds. The unit measures frequency, 
timing error, code domain power, 
transmitter power, occupied band¬ 

cooling to support more demanding 
modules, like multimeters and mezza¬ 
nine modules. Both the HP E1300B 
($2495) and HP 1301B ($3195), which 
comes with a keyboard and display, 
have HP-IB (GPIB) interfaces. 

The HP E8491A PC-to-VXI inter¬ 
face ($2495) uses the IEEE-1394 
FireWire technology, which transfers 
data at up to 400 Mbits/s and allows 
hot plug-in of other IEEE-1394 de¬ 
vices. Included are a one-slot C-size 
module, a 4.5-m cable, an IEEE-1394 
interface card for a PCI-based PC, and 
a library of I/O software for Windows 
95 and NT. 

The HP E2250A M-module carrier 
($1195) brings the industry-standard 
M-module technology to HP’s B-size 
products. The earner holds up to four 
M-modules. 

The HP E8462A 256-channel relay 
multiplexer ($2995) is a one-slot C-size 
card that uses nonlatching armature 
relays handling up to 250 V and 125 W. 
A mix of various topologies can be 
used on one card, including two-, 
three-, and four-wire configurations. 

Hewlett-Packard Co. 

Test and Measurement Org. 
P.O. Box 50637 
Palo Alto, CA 94303-9512 
(800) 452-4844, ext. 5706 
CIRCLE 598 
JOHN NOVELLINO 

width, and spurious emission. An au¬ 
dio measurement option can be used 
for TACS, J-TACS, and AMPS trans¬ 
mission evaluations. The MS8606A 
costs $26,500 and the CDMA software 
is $5000. Delivery is in six to eight 
weeks. 

Anritsu Co., 1909 N. Glenville, Dr., 
Richardson, TX 75081; (800) 267-
4878; (972) 644-5353; fax (972) 671-
1877. CIRCLE 599 

Software Turns A PC 
Into A Protocol Analyzer 
Serialtest Async for Windows 95 is a 
software package that allows any PC 
to function as a full-featured serial 
data and protocol analyzer for testing 
(continued on page 129) 
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Off-Line Power Supply Does Not Require Filtering 
to Meet FCC Emission Requirements - Design Note 175 
Jim Williams 

Introduction 
Off-line power supplies require input filtering components 
to meet FCC emission requirements. Additionally, board 
layout is usually quite critical, requiring considerable ex¬ 
perimentation even for experienced off-line supply design¬ 
ers. These considerations derive from the wideband har¬ 
monic energy generated by the fast switching of traditional 
off-line supplies. A new device, the LT®1533 low noise 

switching regulator, eliminates these issues by continu¬ 
ous, closed-loop control of voltage and current switching 
times.1 Additionally, the device's push-pull output drive 
eliminates the flyback interval of conventional approaches. 
This further reduces harmonics and smooths input current 
1 In depth coverage of this device, its use and performance verification appears in LTC 

Application Note 70, "A Monolithic Switching Regulator with 10OpV Output Noise,” by 

Jim Williams. 

XT LTC and LT are registered trademarks of Linear Technology Corporation 

LI = COILTRONICS UP-4 = 20CJQ045(I.R.) UNLESS OTHERWISE NOTED Z^7 = AC(HOT) RETURN 

L2 = COILCRAFT B07T J i 
NPN = 2N3904 UNLESS OTHERWISE NOTED -^1- = 1N4148 = OUTPUT COMMON 
PNP = 2N39O6 
T1 = COILTRONICS CTX02-13978-X3 

Figure 1.10W Off-Line Power Supply Passes FCC Emission Requirements Without Filter Components 

3/98/175 Circle No. 216 



drain characteristics. Although intended for DC/DC conver¬ 
sion. the LT1533 adapts nicely to off-line service, while 
eliminating emission, filtering, layout and noise concerns. 

Circuitry Details 
Figure 1 shows the supply. Q5 and Q6 drive T1, with a 
rectifier filter, the LT1431 and the optocoupler closing an 
isolated loop back to the LT1533. The LT1533 drives Q5 
and Q6 in cascode fashion to achieve high voltage switch¬ 
ing capability. It also continuously controls their current 
and voltage switching times, using the resistors at the 
Islew and Vslew pins to set transition rates. FET current 
information is directly available, although FET voltage 
status is derived via the 360k—10k dividers and routed to 
the gates via the NPN-PNP followers. The source wave 
shapes, and hence the voltage slewing information at the 
LT1533 collector terminals, are nearly identical in shape to 
the drain waveforms. 

Q1, Q2 and associated components provide a bootstrapped 
bias supply, with start-up transistor Q1 turning off once T1 
begins supplying power to Q2. The resistor string at Q2’s 
emitter furnishes various “housekeeping” bias potentials. 
The LT1533’s internal 1A current limit is too high for effec¬ 
tive overcurrent protection. Instead, current is sensed via 
the 0.8Q shunt at the LT1533’s emitter pin (E). C1, moni¬ 
toring this point, goes low when current limit is exceeded. 
This pulls the Vc pin low and also accelerates voltage slew 
rate, resulting in fast limiting while minimizing instanta¬ 
neous FET stress. Prolonged short-circuit conditions re¬ 
sult in C2 going low, putting the circuit into shutdown. 
Once this occurs, the C1-C2 loop oscillates in a controlled 
manner, sampling current for about a millisecond every 
second or so. This action forms a power limit, preventing 
FET heating and eliminating heat sink requirements. 

Performance Characteristics 
Figure 2 shows waveforms for the power supply. Trace A 
is one FET source; traces B and C are its gate and drain 
waveforms, respectively. FET current is trace D. The 
cascoded drive maintains waveshape fidelity, even as the 
LT1533 tightly regulates voltage and current transition 
rates. The wideband harmonic activity typical of off-line 
supply waveforms is entirely absent. Power delivery to T1 
(center screen, trace C) is particularly noteworthy. The 
waveshapes are smoothly controlled, and no high fre¬ 
quency content is observable. 

Figure 3, a 30MHz wide spectral plot, shows circuit emis¬ 
sions well below FCC requirements. This data was taken 
with no input filtering LC components and a nominally 
nonoptimal layout. 

Figure 2. Waveforms for One of the Power Supplies’ FETs 
Show No Wideband Harmonic Activity. LT1533 Provides 
Continuous Control of Voltage and Current Slewing. Result 
is Smoothly Controlled Waveshapes for FET Source (A), 
Gate ( B) and Drain (C). FET Current is Trace D 

Figure 3.30MHz Wide Spectral Plot Shows Circuit 
Emissions Well Below FCC Requirements Despite 
Lack of Traditional Filter Components 

Output noise is composed of fundamental rippie residue, 
with essentially no wideband components. Typically, the 
low frequency ripple is below 50mV. If additional ripple 
attenuation is desired a 10OpH —10OjnF LC section permits 
<1 OOpV output noise. Figure 4 shows this in a 100MHz 
bandpass. Rippleand noise are so low that the oscilloscope 
requires a 40dB low noise preamplifier to even register a 
display (see footnote 1). 

Figure 4. Power Supply Output Noise Below 10OuV (100MHz 
Measurement Bandwidth) is Obtainable Using Additional 
Output LC Section. Without LC Section Wideband Harmonic 
is Still Absent, Although Fundamental Ripple is 50mV 

For literature on our Switching Regulators, 
call 1 -800-4-LINEAR For applications help, 
call (408) 432-1900, Ext. 2361 

Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas. CA 95035-7417* (408)432-1900 
FAX: (408) 434-0507*TELEX: 499-3977 • www.linear-tech.com 

dn175f LT/TP 0398 370K • PRINTED IN THE USA 

LincAB 
TECHNOLOGY 

UNEAR TECHNOLOGY CORPORATION 1998 



TEST & MEASUREMENT PRODUCTS 

(continued from page 128) 
asynchronous serial data transmis¬ 
sions. To save time, users can review 
the data while it’s being captured to a 
buffer or file. A statistics window 
summarizes activity on the link, pre¬ 
senting information on characters per 
second and utilization (current, aver¬ 
age, and peak). The Windows 95 ver¬ 
sion comes with a quick start guide 
that outlines the screens and shows 
how they correspond to the older 
DOS version. Protocols supported in¬ 
clude PPP, SLIP, and TCP/IP. User-
defined or customized protocols also 
are supported through the use of the 
optional PDAedit tool. Serialtest 
Async costs $395, including the cable 
set. The upgrade from the DOS ver¬ 
sion to the Windows 95 version is 
$125. A Windows NT version was 
scheduled for release during the first 
quarter. 

Frontline Test Equipment Inc., P.O. 
Box 7507, Charlottesville, VA 22906-
7507; (804) 984-4500; fax (804) 984-
4505; www.fte.com. CIRCLE 600 

Analog Line Simulator 
Tests Data Services 
The Model 3410 analog services tele¬ 
phone-line simulator is a PC-based 
development system for caller ID, 
facsimile, and specialized data ser¬ 
vices. The system, which works with 
DOS or Windows 95, supports all of 
the major standards for caller ID 
worldwide and a variety of modem 
and fax standards. It incorporates 
telephone-line impairments, such as 
white noise, long or short loop simula¬ 
tion, and variable line current feed. 
DSP technology precisely simulates 
numerous standard tones, call 
progress tones, and nonstandard sin¬ 
gle, dual, or triple tones. Frequencies, 
levels, and signal-to-noise ratio are 
programmable within 1-Hz and 1-dB 
accuracy. Included are a 
player/recorder that supports 16-bit 
linear PCM, p-Law/A-Law, and AD-
PCM, and a signal-analysis meter. 
The unit features an isolated tele¬ 
phone battery feed with programma¬ 
ble line current from 15 to 80 mA. A 
software-controlled ring generator 
simulates ringing signals from a num¬ 
ber of countries. Call for price and 
availability. 

Rochelle Communications Inc., 8906 

Wall St., Suite 205, Austin, TX 78754; 
(512) 339-8188; fax (512) 339-1299; 
e-mail: info@rochelle.com; Internet: 
www. rochelle. com. CIRCLE 601 

500-MHz Analog Scope 
Writes At 5 div./ns 
The TS-8500 analog oscilloscope fea¬ 
tures a dc-500-MHz bandwidth and a 5-
div./ns wilting speed. The scope, which 
can update displays as fast as 1 million 
times/s, uses a scan-converter tube to 
achieve exceptionally high brightness. 
It also allows storage of high-speed 
single-shot phenomena. Sensitivity is 2 
mV/div. The four-channel, 10-trace in¬ 
strument has full TV triggering with 
field and line selection for HDTV, 
NTSC, and PAL/SECAM; a sweep 
time of 500 ps/div. to 500 ms/div.; and 
cursors. A display persistence function 
allows real-time and stored waveforms 
to be superimposed. Dual time-base 
delay lets users zoom and examine two 
portions of a waveform in real-time. 
An NTSC video output of the wave¬ 
form is available. Users can save up to 
256 panel setups for future use. The 
TS-8500 costs $12,495. Delivery is 
within 16 weeks. 

Iwatsu America Inc., Test and Mea¬ 
surement Div., 430 Commerce Blvd., 
Carlstadt, NJ 07072; (201) 935-8486; 
fax (201 ) 935-8533; e-mail: iwatsu@ac-
cess.com; www.iwatsu.com. CIRCLE 602 

Arbs Feature 1-Gsample 
Clocks, Comm Menu 
A pair of arbitrary-waveform genera¬ 
tors offer 1-Gsample/s clock rates, 10-
bit vertical resolution, and up to 4-
Mbyte/channel memories, along with 
application-specific capabilities for use 
in fields like communication test. The 
one-channel AWG 510 and two-chan-
nel AWG 520 also feature a 1 O-bit digi¬ 
tal output. The sources can simulate 
real-world signal degradations such as 
noise jitter, and fading. 

An integrated hardware noise gen¬ 
erator creates truly random white 
noise. Jitter can be simulated with 
timing resolution to 2 ns. Two applica¬ 
tion menus allow users to output data 
streams with isolated bit-pulse shapes 
to industry standards. In addition to 
the disk-drive menu, a new communi¬ 
cations menu accesses 20 nominal sig¬ 
nal standards-like DS2, OC3, and 

FC266E-immediately displaying am¬ 
plitude, width, timing, and pattern. 
Waveform-editing features include a 
graphical editor, several digital and 
analog editors, and a script editor. 
Users also can build waveforms from 
multiple segments with the units’ real¬ 
time sequencing capability. Prices 
start at $21,995 for the AWG 510 and 
$28,995 for the AWG 520. Delivery is 
in four weeks. 

Tektronix Inc., Measurement Business 
Div., P.O. Box 1520, Pittsfield, MA 
01202; (800) 426-2200, press 3, code 
1069; www.tek.com/Measurement. 
CIRCLE 602 

Emulator Handles 8051 
Family At Up To 30 MHz 
The Cactus-8051 emulates more than 
30 variants of the 8051 family of micro¬ 
processors using a set of target 
adapters. The low-cost unit offers all 
of the features of higher-cost units ex¬ 
cept real-time trace. It supports 
processor speeds to 30 MHz at zero 
wait states, includes 128k of emulation 
RAM for code downloads, and fea¬ 
tures 100 hardware breakpoints. 
Users can stop immediately or defer 
the stop until a particular hardware 
breakpoint occurs up to 65,000 times. 
The emulator comes with a source¬ 
level debugger that provides the shell 
needed to debug C and assembly-lan¬ 
guage code. All compilers are sup¬ 
ported. The Cactus-8051costs $1250. 

Softaid Inc., 8310 Guilford Rd., Co¬ 
lumbia, MD 21046; (800) 433-8812; 
(410) 290-7760. CIRCLE 603 

A/D Modules Connect 
To PCs Through USB 
The Personal Daq modules are the 
first in a family of USB-based data-ac-
quisition products. Special power¬ 
management circuitry allows the two 
full-featured modules to draw less than 
2 W, so they can be powered through 
the USB with no external power sup¬ 
ply needed. The Personal Daq/55 of¬ 
fers 22-bit analog-to-digital resolution, 
10 single-ended (five differential) ana¬ 
log or thermocouple channels, 16 soft¬ 
ware programmable ranges (±30 mV 
to ±20 V full scale), 500-V optical isola¬ 
tion, eight digital I/O lines, and two fre-
quency/pulse inputs. 
(continued on page 130) I 
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(SUREMENT PRODUCTS 

(continued from, page 129) 
The Personal Daq/56 supplies twice 

the channel capacity. The systems ac¬ 
cept volts, frequency, and digital in¬ 
puts with no additional hardware 
needed. Expansion modules and the 
USB’s hub capability allow large sys¬ 
tems with multiple units. The modules 
come with DaqView graphical display 
and data-acquisition software, which 
requires no programming to configure 
a system. The Personal Daq/55 costs 
$695, and the Personal Daq 56 is $995. 
The PDQ1 expansion module with 20 
single-ended channels and 16 digital 
I/O channels, and the PDQ2 with 40 
single-ended channels are each $495. 

lOtech, 25971 Cannon Rd., Cleve¬ 
land, OH 44146; (440) 439-4091; fax 
(440) 439-4093; e-mail: sales@ 
iotech.com; www.iotech.com. 

CIRCLE 604 

JTAG-Based Emulator Accesses 
¡960RX/HX Debug Facilities 
The EMDT/960Rx/Hx emulator uses 
the IEEE-1149.1 (JTAG) port on the 

Intel Í960RX and HX processors to 
gain access to the devices’ debug facil¬ 
ities. The emulator eliminates the 
need for external pods, which reduces 
cost and electrical loading of the target 
system and allows the instrument to 
automatically support any clock speed 
at which the processor runs. Use of 
the JTAG interface also ensures the 
user of processor access even if the de¬ 
vice “hangs” or otherwise runs out of 
control. Users can download programs 
and data to any part of the system 
RAM through the JTAG port without 
the need for a resident loader program 
or ROM emulator. In addition, the 
ISA-bus-compatible JTAG controller 
board can be used for boundary-scan 
inteconnect testing of the prototype 
design or of the final product in manu¬ 
facturing. The EMDT/960Rx/Hx 
comes with a full-featured Windows¬ 
based source-level debugger and costs 
$6950. JN 

Corelis Inc., 12607 Hiddencreek 
Way; Suite H, Cerritos, CA 90703-
2146; (562) 926-6727; fax (562) 404-
6196 CIRCLE 605 

Thermocouple Data Module 
Plugs Into PC Parallel Port 
The AD-TDA8 is a thermocouple data-
acquisition module that plugs into the 
parallel port of Windows-based com¬ 
puters. The eight-channel unit, which 
samples at up to 15 samples/s, supports 
type J (-50 to +800°C), K (-50 to 
+1000°C), and T (-25 to+500°C), ther¬ 
mocouples. Resolution is ±1°C, and ac¬ 
curacy at 25°C is ±1°C. Users need only 
to plug the AD-TDA8 into the PC’s 
parallel port, load the included soft¬ 
ware, and connect the thermocouples. 
The module consumes 50 mW, which it 
gets from the parallel port’s signal 
lines. An optional screw-terminal panel 
simplifies termination of the thermo¬ 
couples. The AD-TDA8 costs $170 and 
the screw-terminal panel accessory is 
$30. Both are available from stock. 

Keithley Instruments Inc., 28775, Au¬ 
rora Rd., Cleveland, OH 44139-1891; 
(888) 534-8453; (440) 248-0400; fax 
(440) 248-6168; e-mail: product-
info@keithley.com; www. keithley.com. 
CIRCLE 606 

Where Quality Meets Affordability 

Medical Standard OEM Switchers 
• 40/65/110/200W 

• Wide input voltage from 85-264VAC 

• Single to four outputs 

• Meets EMI requirements of medical Equipment 

• 100% burn-in & low safety leakage current 

• UL/CSA/TUV approved & C.E. marked 

Desktop Adapters 
• 30/45/55/110W 

• Wide input voltage from 85-264VAC 

• Single to four outputs 

• Built-in EMI filter 

• Optional output connectors, outlets, on/off 

switch & PFO signal 

• UL/CSA/TUV approved & C.E. marked 

o I=OIÏÏ1ÎON/SOUIÎCI= CORPORATION 

2925 Bayview Dr., Fremont, CA 94538 U.S.A. 
Tel: (510) 440-0188 • Fax: (510) 440-0928 
E-Mail: fsu@ix.netcom.com 
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The Two Best 
HDL Simulators 
Are Now One 

and one better 
ModelS/m” is the new standard for VHDL, Verilog 

and mixed-HDL simulation. ModelS/m is everything you’d 

expect from unifying the two best HDL simulators, 

V-System from Model Technology and QuickHDL" from 

Mentor Graphics. We retained the core technology shared 

by ModelS/m’s predecessors, and we merged the 

powerful features distinctive to each. But we didn't 

stop there. We’re giving you more in ModelS/m. More 

performance. More support from ASIC and FPGA 

foundries. More integration with your favorite design tools. 

More customization features. And more value, from the 

company that sets the price/performance standard in 

simulation. If you’re designing complex FPGAs or 

ASICs, you need ModelS/m from Model Technology — 

the undisputed leader in VHDL and mixed-HDL simulation 

and the fastest growing Verilog provider. 

www.model.com 
call: 503.641.1340 or email: sales@model.com 

Model Technology 
A MENTOR GRAPH ICS COMPANY 
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Circle 520 

PC Signal Generator 
Uses A C++ Class 

OSCAR RAMOS 
Ciudad Universitaria, Agencia Postal 4, Ciudad Universitaria, 5000 Cor¬ 

doba, Argentina, phone: (0054-51 ) 333037; fax: (0054-51) 334158. 

J. Jayapandian, IGCAR, 
Material Science Division, 
Kalpakkam. PIN 603102, Tamil 
Nadu, India; msd@igcar.ernet.in. 
The idea: “Use A FET As A 
Linear Temperature Sensor.” 
May 27,1997 Issue. 

void interrupt maylntFunc(void) 
{ 
unsigned points = BufferSize / 2; 
unsigned i; 

for (i=0; i < points; i++) 
BufferPtrfBuffer Index Base + i] = Gen -> getValue(); 

BufferlndexBase = BufferlndexBase ? 0 : BufferSize / 2; 
} 

Where: 
BufferSize: Size of DMA buffer (bufferl + buffer2) 
BufferPtr: Pointer to DMA buffer 
BufferlndexBase: Offset (zeio for bufferl and BufferSize/2 for buffer2) 
Gen: Pointer to EdGen object 

Described here is a class used in 
the generation of audio fre¬ 
quency sinusoidal signals and 

white noise using a PC. The genera¬ 
tor hardware must include a DAC of 
no more than 16-bit resolution and 
must use the double-buffered mem¬ 
ory technique. This means that while 
one DMA channel transfers the data 
from one buffer (bufferl) to the con¬ 
verter, the CPU refreshes the other 
buffer (buffer2) with new data. Also, 
each time that the DMA finishes an 
operation on a buffer, an interrupt to 
the CPU must be generated. The 
buffers must be allocated in contigu¬ 
ous memory locations. 

To produce sinusoidal waves, a frac-
tional-N synthesizer is emulated by 
the class (see the figure). The adder in¬ 
puts are fed by a constant Index num¬ 
ber and by the output address accu¬ 
mulator. The adder generates a new 
address equal to the sum of the previ¬ 
ous address and the Index number, 
synchronized with the sampling fre¬ 
quency clock (SamFrq). The most 
weighted outputs of the address accu¬ 
mulator are connected to the ROM ad¬ 
dress lines, which contains the sam¬ 
ples of a sinusoidal waveform period. 
The ROM data lines are connected to 
the DAC, reproducing an analog sig¬ 
nal corresponding to the ROM sam¬ 
ples. The adder rate is: 

fadder = SamFrq*lndex/adder_size 

If SamFrq/adder_ size = 1 (condi¬ 
tion! ). the output frequency is equal to 
the Index. When adder_size = ROM-
size*factor, then: 

factor = SamFrq/ROMsize 

Given the sampling frequency and 
the ROMsize, factor is the value that 
makes (condition 1) true. The output 
signal frequency is equal to the Index 
number. The frequency resolution of 
the generator is fixed by the variable 
type of the Index. 

The function int random (int value-
11 from Borland is used to generate 
white noise. It returns a random inte¬ 
ger, between 0 and -1. 

The C++ class EdGen is declared in 
the EdGen.h file (Listing 1). The class 
could be initialized in two modes— 
noise or tone—according to the con¬ 
structor used. In the noise mode, the 
default constructor must be used. The 
tone constructor takes three unsigned 

integers as arguments: sampling fre¬ 
quency, tone frequency, and tone ini¬ 
tial phase. The last one is a default ar¬ 
gument and may be used to initialize 
the stalling phase of the tone. 

An object initialized in one mode 
can be changed “at flight” to the other 
one, overwriting the public data mem¬ 
ber Signaliype. However, if the object 
was initialized in the noise mode, the 
member function InitTone must be 
called before changing to the tone 
mode. The member function gelvalue 
returns a new value for the tone or 
noise each time it’s called. The mem¬ 
bers functions setToneFrq and get-
ToneFrq may be used to set or get the 
tone frequency without stopping the 
generation. These functions are useful 
to produce frequency sweeps. 

As mentioned previously, the hard¬ 
ware must generate an interrupt to 
the CPU at the end of each DMA 
transfer. A sample interrupt service 
routine is shown (Listing 2). 

If the hardware has several chan¬ 
nels, independent objects EdGen can 
be created for each channel. 

A fractiond-N synthesizer is emulated by a class to produce sinusoidal waves. 



N-Channel Switching Regulator 
Does It All In SO-8 Package 

LTC1624: High Efficiency, Fixed Frequency Operation 
In All DC/DC Converter Topologies. 

The LTC1624 is a current mode switching regulator that drives an external N-channel power MOSFET in all standard switching 
configurations including boost, step-down, buck-boost and flyback. Its fixed 200kHz operating frequency and 8-lead SO package 
minimize board space. Burst Mode™ operation provides high efficiency at low load currents and a 95% duty cycle provides 
low dropout for increased operating life in battery-powered systems. 

' Features 

• Wide Vin Range: 3.5V to 36V 
• Wide Vout Range: 1.19V to 30V in 
Step-Down Configuration 

• Low Dropout Operation: 95% 
Duty Cycle 

• ±1% 1.19V Reference 
• Burst Mode™ Operation 
• Available in Commercial and 
Industrial Grades 

• $3.50 Each for 1000-Piece Quantities 

100 

90 

60 

50 

3 Amp Step-Down DC/DC Converter 

1 10 100 1000 3000 

LOAD CURRENT (mA) 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 

Free Samples 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

▼Free CD ROM 

Call: 1-800-4-LINEAR 

▼ More Information 
Lit 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
£f. LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas. CA 95035-7417. 

READER SERVICE 234 



S
I
 
E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
M
A
R
C
H
 
9
,
1
9
9
8
 

IDEAS FOR DESIGN 

//-
// include file of edgen.cpo 
// by Oscar Ramos 
//.-
#ifndet cplusplus 
#error Must use C++ for the type EdGen 
#endif 

#if ’defined ( EDGEN H) 
^define _EDGEN_H 
const unsigned Sin = 0, 

Noise = 1; 
const MinToneFrq = 20, 

MaxToneFrq = 20000; 
class EdGen 
{ 
private: 

unsigned SamFrq; 
unsigned Index; 
unsigned address; 
float factor; 

public¬ 
in* SignalValue; 
unsigned SignalType; 
EdGen( unsigned samfrq, unsigned fo, unsigned phase=0 ); 
EdGen( ) {SignalType = Noise;} 
vo'd InitTonei unsigned samfrq, unsigned fo, unsigned phase=0 ) 

{EdGen: EdGen(samfrq, fo, phase);} 
void setToneFrqi unsigned fo ); 
unsigned getToneFrq( ) { return Index;} 
int getVaiueO 

k 
#endif 
/:.end of EDGEN_H. 

//-
// File edgen.cpp 
//by Oscar Ramos 
//-
#indude <math.h> 
# in dude <stdlib.h> 
#inciude "edgen.h" 
const char NoError = 0. 

Error = 1 ; 
consâ float AliasiegFactor - 2; 
//ROM size 
const unsigned 
//ROM pointer 
inf 
//Definitions of non-
int 

EdGen::EdGen( unsigned samfrq, unsigned fo, unsigned phase) 
{ 

if( ROMPtr == 0 ) 
InitToneValuesQ; 

SamFrq = samfrq; 
Index = fo; 
aodress = phase; 
factor = (float) SamFrq/(float) ROMt.ize; 
SignalType = Sin; 

I 

int EdGen. :getValue() 
{ 

unsigned idx = 0; 
switch( SignalType • { 

case Sin: 
if ( address >= SamFrq ) 

adoress -= SamFrq; 
idx = (uns.gned) ( (float) address/factor ); 
address += Index; 
SignalValue = ROMPtrf idx ]. 
break; 

case Noise; 
SignalValue = random( 0x7FFF ): 
break: 

default: 
SignalValue = 0; 

} 
return SignalValue; 

} 

void EdGen:: setToneFrq( unsigned fo ) 
{ 

if ( fo <= MinToneFrq ) 
Index = MinToneFrq; 

else if ( fo >= (float) SamFrq/AliasingFactor ) 
Index = (float)SamFrq/AliasingFactoi; 

else Index = fo; 
} 

int InitToneValuesO 
{ 

double angle = 2*M PI/ROMsize; 
int I =7; 

ROMPU = new int[ ROMsize ]; 

H end of file EDGEN.cpp 

ROMsize = 1000; 

ROMPtr; 
member EdGen function 

lnitToneValues(:>-

if ( ROMPtr == 0 ) return Error; 
for ( i = 0; i < ROMsize; i++ ) 

ROMPtr [i] = (int) (0x7FFF’sin( angle’i ) ); 
return NoError; 

Circle 521 

Servo-Motor Acceleration 
Control Via Armature 
Current Integration 

W. STEPHEN WOODWARD 
Venable Hall, CB3290, University of North Carolina, Chapel Hill, 

NC 27599-3290; e-mail: woodward@net.chem.unc.edu. 

Whenever the speed of a de 
servo motor must be con¬ 
trolled with absolute accuracy, 

there’s no substitute for tachometer¬ 
based feedback combined with a full¬ 
blown servo loop. But in other applica¬ 
tions, adequate steady-state precision 

and sometimes superior dynamic per¬ 
formance can be had by taking advan¬ 
tage of the built-in physical constants 
of the motor itself. 

For example, the fact that every 
permanent magnet de motor has a 
fixed relationship between RPM and 

armature back-EMF means that a 
fair job of constant speed operation 
can be accomplished merely by dri¬ 
ving the motor from a well-regulated 
power supply. Even better speed reg¬ 
ulation can be achieved, sometimes 
rivaling that offered by tachometer 
feedback, by adding a positive-feed-
back term to the drive voltage that's 
proportional to armature current. If 
this term is adjusted so as to cancel 
armature resistance (approximately 
equal to rated-voltage/locked-rotor-
stall current), motor speed will re¬ 
main nearly constant over a wide 
range of loads. 

Similarly, a stable data-sheet-
specified relationship exists in every 
PM motor between armature current 
and output torque and therefore be¬ 
tween armature current and acceler¬ 
ation. It follows that a constant maxi-
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20ppm/°C Drift Guaranteed! 

LTC SOT*23 References Other SOT-23 References 

Output Voltage After Solder Output Voltage After Solder 

LT1460: Stays accurate soldered in your board. 
Plain and simple, the LT 1460 is the World’s Best SOT-23 voltage reference. The LT 1460 maintains a maximum drift of 20ppm/°C, 
even when delivering 20mA as a precision regulator. You get what you pay for and more. Try getting THAT combination of 
performance with any other SOT-23 reference. You can also get the LT1460 in 8-pin DIP, SO, MSOP and TO-92 packages. 

' Features 

• TYimmed to High Accuracy: 
0.2% Max 

• Low Drift: 20ppm/°C Max 
• No Output Capacitor Required 
• Low Supply Current: 130pA Max 
• Minimum Output Current: 20mA 
• Series Operation for Long 
Battery Life 

• Reverse Battery Protection 
• $1.35 Ea. for 1000-Piece Quantities 

LTC Voltage References 
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Output 
Voltages 
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Accuracy 

Max 
Drift 

Packages 
Available 

LT 1460 
2.5, 5, 10 ±0.2% 20ppm/°C SOT-23 

2.5,5. 10 ±0.075% lOppm/T DIP, SO-8, 

MSOP. TO-92 
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LT 1236 5, 10 ±0.05% 5ppm/T DIP. SO-8 
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ZTLinCAE 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 

READER SERVICE 235 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT. LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Bhd.. Milpitas, CA 95035-74L7. 

Call: 1-800-4-LINEAR 
Visit: www.Iinear-tech.com 

Free CD-ROM 
Call: 1-800-4-LINEAR 

L More Information 



IDEAS FOR DESIGN 

mum-rate spin-up to a specified 
speed can be achieved by applying 
full supply voltage until the inte¬ 
grated charge passed by the arma¬ 
ture equals a value proportional to 
the setpoint speed. 

This is the control principle em¬ 
ployed in the figure. When TTL-
/CMOS-compatible input RUN goes 
high, comparators Al and A3 enable 
power amplifier A4+Q5+Q6, turning 
on the drive to motor Ml. Simultane¬ 
ously, comparator A2 releases the re¬ 
set on armature current integration 
capacitor Cl. Armature current 
monitor A5+Q3 injects a current 
onto Cl that’s proportional to arma¬ 
ture current as sensed by emitter re¬ 
sistors R2 and R3 with the constant 
of proportionality adjusted by R4. 
Comparator A6 compares the result¬ 
ing Cl voltage ramp to the setpoint 
pot RI (SPEED). So long as V(C1) < 
V(R1), A6 holds the motor drive Dar¬ 

lingtons Q5 and A6 in saturation, 
thus applying the full unregulated 
supply voltage to Ml. 

This full-throttle acceleration 
phase continues until Cl’s integrated 
charge causes V(C1) = V(R1). A6 pin 
13 then goes low, turning off QI and 
passing control of the Q5 and Q6 Dar¬ 
lingtons over to A4. A4 then strives 
to hold Ml’s speed constant by apply¬ 
ing the armature-voltage tricks de¬ 
scribed in the first paragraph. Feed¬ 
back from Ml to A4 pin 3 provide 
basic voltage regulation, while the 
current-proportional signal from R5 
and Q4 provide armature-resistance-
canceling positive feedback. Properly 
adjusting R4 will result in overshoot-
free initial spin-up, while careful 
trimming of R5 provides constant 
motor speed against changes in load 
friction. When the RUN control logic 
input returns low, Q7 effectively 
shorts across the motor armature to 

provide dynamic braking and ensure 
rapid Ml deceleration. 

This circuit was designed for ser¬ 
vice in a magnetic resonance re¬ 
search application in which a liquid 
sample must be held stationary dur¬ 
ing excitation with RF pulses, and 
then spun up to 1200 to 3600 RPM as 
quickly as possible. The 24-V hollow¬ 
rotor de motor used for Ml achieves 
loaded acceleration rates approach¬ 
ing 1,000,000 RPM/sec. Spin-up 
times in the single-digit-millisecond 
range are therefore easily achieved. 
Deceleration performance is simi¬ 
larly enthusiastic. 

The magnetic resonance applica¬ 
tion entailed only a relatively low 
duty factor for motor operation. 
Therefore, the simple power supply 
illustrated (augmented with buck¬ 
ets—about 7 J—of energy-storage 
capacitance to satisfy the big startup 
surge) was adequate. 

A maximum-rate spin-up to a specified speed can be achieved by applying full supply voltage until the integrated armature current equals a value 
proportional to the setpoint speed. This particular circuit was designed for a magnetic resonance research application. 
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IDEAS FOR DESIGN 

Circle 522 

A Complete Battery Backup 
Solution Using A 

Rechargeable NiCd Cell 
LY. LIN and S.H. LIM 

Linear Technology Corp., 1630 McCarthy Blvd., Milpitas, CA 95035-7417; 
(408) 432-1900; fax (408) 434-0507. 

Battery-powered systems, includ¬ 
ing notebook computers, personal 
digital assistants (PDAs), and 

portable instruments, require backup 
systems to keep the memory alive 
while the main battery is being re¬ 
placed. The most common solution is 
to use an expensive, nonrechargeable 

lithium battery. This solution requires 
low-battery detection, necessitates 
battery access, and invites inadver¬ 
tent battery removal. 

The circuit presented here elimi¬ 
nates these problems by permitting the 
use of a single, low-cost 1.2-V recharge¬ 
able nickel-cadmium (NiCd) cell (Fig. 

1). Ul, an LTC1558 battery backup 
controller, has a built-in fast/trickle-
mode charger that charges the NiCd 
cell when main power is present. It pro¬ 
vides backup power to U2, an LTC1435 
synchronous step-down switching reg¬ 
ulator. The backup circuit components 
consist of the NiCd cell, R11-R14, Cll-
C12, Lil, and Qll. SW11 and R15 pro¬ 
vide a soft or hard reset function. 

During normal operation, U2 is pow¬ 
ered from the main battery, which can 
range from 4.8 V to 10 V (for example, a 
2-series or 2-series times 2-parallel Li-
Ion battery pack, or the like) and gen¬ 
erates the 3.3-V system output. UI op¬ 
erates in standby mode. In standby 
mode, Ui’s BKUP (backup) pin is 
pulled low and p-channel MOSFET is 
turned on. The NiCd cell is fast charged 
by a 15-mA cun-ent source connected 
between the Ui’s Vcc and SW pins. 
Once the NiCd cell is fully charged (ac-

Backup 
+ C11 

VCC 
6.3 V 

VBAK 

oTo microprocessor 

o To microprocessor BKUP 

-oFrom microprocessor 

Open drain soft reset 

R14 

10k 

Lil-

22 pH 

R15 

12k 

R11 

51k 

R13 

100k 

R12 

21.25k 

1% 

qii_e 
P-MOSFET —, 

CTL 

GND 

F8 

SW11 J 

Push-button ' 

reset 

LTC1558-3.3 

> RESET 

-L. Main battery 

4.8-10 V 

|1 

SW 

U1 

3 

2 

4 

. H , NiCd" 
DattGry * 2 V 

C|N 

i3| 1er -1- 16V 14 
VIN 

15 

U2 

VOSENSE 

-J- 1000 pF 7 

IE 11 Cose 
S-GNO P-GND CC2 

10 

-J- C1 

TG SW 

BOOST 

INTVCC 

SENSE+ 

L1* 
10 nH 

35.7k 

R11% 

EXT VCC 

SFB 

CC 
330 pF 

RC 
10k 

SENSE-

BG 

-O VOUT 
3.3 V 

Load current 

3 A at normal mode 

30 mA at backup mode 02 

N-channel 

SÍ4412DY 

-Sumida CDRH125-10 

IRC LR2010-01-R033-F 

■Sumida CDRH73-22 nH 

'Sanyo Cadnica N-110AA 

01 = CMDSH-3 

02 

MBRS140T3 

C2 

0.1 nF 

+ C3 

- 4.7 nF 

16V 

C4 

0.1 nF 

01 

N-channel 

.SÍ4412DY 
X2 

rSENSE 
0.033 

ITH LTC1435 

RUN/SS 

-I- ° - 1 

pF 

1% ï C6 

Tzb 100pF 

1. This battery backup system uses the LTC1435 synchronous step-down switching regulator as the main system regulator. 
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INDUSTRY’S FIRST 
PHASE-REVERSAL SWITCHES 

AVAILABLE IN 8-PIN pMAX PACKAGE 
Four Matched SPST Switches Simplify Polarity/Wiring Phase-Reversal 

The MAX4526/MAX4527/MAX4528 are phase-reversal analog switches consisting of two normally open 
and two normally closed CMOS switches arranged in a bridge configuration. These parts are designed 
to have matched tON/tOFF times and charge injection (2pC max). They're ideal for use in lock-in 
amplifiers and synchronous demodulators. The bridge configuration also makes them easy to use in 
Auto Cal and VOS cancellation circuits and in polarity/wiring phase-reversal type applications. The 
MAX4526/MAX4527 are designed for ±15V applications, while the MAX4528 is optimized for low 
voltages (±2V to ±6V) and low power consumption. Each switch is designed for 175Q max on-resistance 
and matched to 8Í2. All parts are available in commercial and extended temperature ranges in 8-pin 
pMAX, SOIC, and DIP packages. Logic inputs are TTL/CMOS compatible. 

PART 
TRANSITION 

TIME 
(ns max) 

CHARGE 
INJECTION 
(pC max) 

CHARGE-INJECTION 
MATCH 
(pC max) 

LEAKAGE 
CURRENT 
(nA max) 

SUPPLY 
CURRENT 

(pA inax) 

OPERATING 
SUPPLIES 

(V) 

MAX4526 100 10 2 0.5 1000 ±4.5 to ±20 

MAX4527 200 10 2 0.5 400 ±4.5 to ±20 

MAX4528 200 5 2 0.5 ±2.7 to ±6 
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IDEAS FOR DESIGN 

Load current (mA) 

Circle 523 

140 

circuit presented in this design idea 
makes it possible to directly inter¬ 
face a power MOSFET to digital 
logic, including microprocessor¬ 
based systems. The circuit doesn’t 
use any custom MOSFET drivers, 
transformers, or inductors to boost 
the voltage to the required level. 

The circuit consists of a 555 timer 
configured as an astable-multivibrator 
with a frequency around 70 kHz. 

than 1 V. Figure 3 shows the backup 
time versus the 3.3-V load current using 
a Sanyo Cadnica N-l 10AA cell (standard 
series with a capacity of 110 mAh). Over 
one hour of backup time is realized for 
less than 80 mW of 3.3-V output power. 

When a new battery pack is in¬ 
serted, Qll’s body diode forward-bi¬ 
ases. Once the voltage at the FB pin in¬ 
creases to more than 6% below Vref, 
the boost converter is disabled and the 
system returns to normal mode. The 
BKUP pin pulls low and turns QI 1 back 
on, allowing the new battery pack to 
supply input power to U2. UI now re¬ 
plenishes the charge removed from the 
NiCd cell through the internal charger 
and gas-gauge counter. 

ON/OFF control of the astable is 
achieved using the Reset pin (pin 4) as 
a control input. When the Reset pin of 
the timer is HIGH it oscillates; when 
it’s LOW, the oscillations are inhibited. 
The output of the astable feeds a 
diode-capacitor voltage doubler con¬ 
sisting of diodes DI and D2 and capac¬ 
itors C3 and C4.The output of the volt¬ 
age doubler is about 8.5 V. 

The digital logic control input is in¬ 
terfaced to the timer’s Reset pin 
through a 4N35 optocoupler. The opto¬ 
coupler provides isolation between the 
logic circuit and the high-voltage load 
circuit. When the digital logic input is 
HIGH, the input diode of the optocou¬ 
pler is OFF and its output transistor is 
also OFF. This pulls the Reset pin of the 
timer HIGH and it oscillates, generat¬ 
ing a voltage of about 8.5 V at the out¬ 
put of the voltage doubler circuit. The 

cording to U 1’s gas-gauge counter), U1 
trickle charges the NiCd cell. R14 sets 
the trickle-charge current according to 
the formula I<trickle) = 10 x (VNiCd -
0.5)/R14. The trickle-charge current is 
set to overcome the NiCd cells’ self-dis¬ 
charge current, thereby maintaining 
the cells’ full charge. 

The main battery voltage is scaled 
down through resistor-divider Rll-
R12 and monitored by UI via the FB 
pin. If the voltage on the FB pin drops 
7.5% below the internal 1.272-V refer¬ 
ence voltage (due to discharging or ex¬ 
changing the main battery), the sys¬ 
tem enters backup mode. 

In backup mode, Ui’s internal 
switches and Lil form a synchronous 

boost converter that generates a regu¬ 
lated 4 V at Vbak- U2 operates from this 
supply voltage to generate the 3.3-V out¬ 
put voltage. The BKUP pin is pulled 
high by R13 and Qll turns off, leaving its 
body diode reverse-biased. The BKUP 
pin also signals the system microproces¬ 
sor. Cll, a 47-,uF capacitor, provides a 
low impedance bypass to handle the 
boost converter’s transient load current. 
Otherwise, the voltage drop across the 
NiCd cells’ internal resistance would ac¬ 
tivate the Ui’s undervoltage-lockout 
function. Figure 2 shows the maximum 
output power available at the 3.3-V out¬ 
put versus the NiCd cell voltage. 

Over 100 mW of output power is 
achieved for a NiCd cell voltage greater 

3. Results shown here are the backup time versus the 3.3-V output 
load current using a Sanyo Cadnica N-l 10AA cell. 

V. LAKSHMINARAYANAN 
12/46 Udani Layout, Cambridge Rd., Ulsoor, Bangalore-560 008, India. 

Digital Logic Interface For 
Power-MOSFET Control 

Power MOSFETs have become in¬ 
creasingly popular for use in nu¬ 
merous high-power applications. 

But the major drawback of a typical 
industrial power MOSFET is that it 
requires a minimum gate threshold 
voltage of about 4 V (preferably 
about 8 V for conducting the rated 
drain current). This makes it difficult 
to directly interface a power MOS¬ 
FET to digital logic such as TTL. The 



REGULATED 125mA NEGATIVE SUPPLY 
WITHOUT INDUCTORS 

Save Battery Power and Space: 
Needs Only 35pA Quiescent Current & Small Caps 

The MAX1673 charge-pump inverter generates a regulated negative output voltage 
up to -1 X Vin with output current up to 125mA. It accepts an input voltage range 
from 2V to 5.5V. Select either pulse-skipping mode for the lowest supply current 
(35pA) or fixed-frequency operation (350kHz) for the lowest ripple. 

♦ Regulated Negative 
Output Voltage: 

Upto -1 X Vin 
Up to 125mA Output 

Current 

♦ 2V to 5.5V Input Range 

♦ Select Pulse-Skipping or 
Constant 350kHz 
Operation 

♦ 35pA Quiescent 
Supply Current 
(Pulse-Skipping Mode) 

♦ 1pA Shutdown Current 

Regulated Negative Supply 
Needs Only 35pA 

REGULATED 
NEGATIVE 
OUTPUT 

UPTO-1xV|n 
UP TO 125mA 

Invert a +5V input to a -3.0V (or adjustable) output with an ultra¬ 
compact circuit. The MAX1673, in an 8-pin SO. delivers 125mA 
using only two resistors, three small ceramic capacitors, and no 
inductors. 
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IDEAS FOR DESIGN 

Without using any custom MOSFET drivers, transformers, or inductors, this digital-control 
circuit allows a direct interface of a power MOSFET to digital logic. 

output of the optocoupler also feeds the 
base terminal of the 2N3904 transistor 
switch, whose collector supply is de¬ 

rived from the voltage doubler output. 
The HIGH logic state of the opto¬ 

coupler output turns the transistor 

ON. About 8 V is available at the gate 
terminal of the MOSFET, which is 
sufficient to turn it ON and allow con¬ 
duction of the rated drain current 
through the channel. When the con¬ 
trol logic input to the optocoupler is 
LOW, its input diode conducts and the 
output transistor is ON. This pulls the 
Reset pin of the timer LOW, the 
astable oscillations are inhibited, and 
the transistor switch is turned OFF. 
Because there are no oscillations from 
the timer, the voltage doubler doesn’t 
generate any voltage. With the tran¬ 
sistor switch being OFF, no voltage 
appears at the MOSFET gate and the 
device is non-conducting. 

Therefore, when the control logic in¬ 
put is HIGH, the MOSFET is ON. 
When it is LOW, the MOSFET is OFF, 
accomplishing direct control by the digi¬ 
tal logic in the interface circuit The load 
in the MOSFET circuit could be a step¬ 
per-motor winding, a solenoid coil, etc. 

Because the interface circuit doesn’t 
use any coils or transformers, it avoids 
EMI problems. Also, since no custom 
MOSFET driver is used, it’s a low-cost 
option as well. This interface can find 
use in many industrial applications. 

Circle 524 

Regulated LCD-Bias Generator 
Requires No Inductor 

GARY HURTZ 
Maxim Integrated Products, 120 San Gabriel Dr., 

Sunnyvale, CA 94086; (408) 737-7600. 

produces output voltages as high as -4 
Vin, in which the supply voltage Vin 
can range from 1.8 V to 5.5 V. The IC 
regulates V0Ut via pulse-frequency 
modulation (PFM), with a maximum 
frequency of 450 kHz. The chip’s low 
quiescent current (30 pA) provides ex¬ 
cellent light-load efficiency without 
sacrificing full-load capability. 

Inserting an external, discrete 
charge pump (consisting of C3, C4, and 

the Schottky diodes) in the 

Astringent height limita¬ 
tion on pc boards em¬ 
ployed in PDAs and 

palmtop computers requires 
using expensive, low-profile 
inductors in switchmode 
power supplies. As an alter¬ 
native, however, you can re¬ 
place certain switchmode 
circuits with one based on a 
charge pump (see the fi g¬ 
ure). The example shown 
generates a regulated nega¬ 
tive voltage suitable for bi¬ 
asing an LCD. 

ICI contains a regulated, 
inverting charge pump that 

Adding a few inexpensive components in the feedback path of ICI 
enables the generation of regulated output voltages as high as 4 V IN . 

feedback path of ICI produces 
an “inverter-quadrupler” cir¬ 
cuit. Its regulated output level 
is set by the ratio of feedback 
resistors RI and R2: 

Vout = -Vin (R1/R2) 

Configured as shown, the 
circuit provides up to 15 mA 
at Vqut = V, with 76% 
efficiency and 60 mV of out¬ 
put voltage ripple. Lower 
Vout allows higher output 
currents: Vqut = -15 V 
yields 20 mA; while Vqut = -
12 V yields 30 mA. 
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SMALLEST SILICON DELAY LINE REDUCES 
FOOTPRINT AREA BY 2X 

Improved Second Sources to DS1000/1005/1013 Save Size and Power! 
Sync up the digital signals in your clock-driven systems with our latest family of digital 
tapped silicon delay lines. The MXD1000/MXD1005/MXD1013 offer improved performance 
over their Dallas equivalents where it matters most: Size and Power. 

♦ Available in Space-Saving 8-Pin pMAX 
♦ Low Supply Current 

(Over 30% Less than Dallas!) 

LOWER POWER 
ACTIVE CURRENT vs.FREQUENCY 

(MXD1000 075 vs. DS1000-75) 

♦ Low Cost 
♦ Improved Reliability Over Hybrid Solutions 
♦ Custom Delays Available 

Choose the Ideal Delay Line for Your Design 

+ See data sheet for a complete listing of available delays, packages, and ordering information. 

PART FUNCTION 
DELAYS AVAILABLE 

(ns) 
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Power up for 
total-system testing. 
Whether you’re testing an automobile up close or a cell 

phone from a distance, AR offers microwave amplifiers that 
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With output power from 1 to 1000 watts and frequencies 

from 0.8 to 40 GHz, our microwave line offers more power, more 

handwidth, and more reliability for 

EMI/immunity applications than 
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So test the subcomponent or 
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with the reliable power of a 

microwave amp from AR. 
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IEEE International Conference on Neural 

Networks (ICNN '98), May 3-9. Anchor¬ 
age, Alaska. Contact Patrick K. 
Simpson, Scientific Fishery Sys¬ 
tems Inc., P.O. Box 242065, Anchor¬ 
age, Alaska 99524; (907) 345-7347; 
fax (907) 345-9769; e-mail: 
scifish@alaska.net. 

IEEE World Congress on Computational 
Intelligence, May 3-9. William A. Egan 
Civic and Convention Center, An¬ 
chorage, Alaska. Contact Patrick K. 
Simpson, Scientific Fishery Systems 
Inc. Post Office Box 242064, Anchor¬ 
age, Alaska 99524; (907) 345-7347; 
fax (907) 345-9769; e-mail: 
scifish@alaska.net. 

Seventh IEEE International Fuzzy Sys¬ 
tems Conference, May 3-9. Anchorage, 
Alaska. Contact Patrick K. Simp¬ 
son, Scientific Fishery Systems 
Inc., Post Office Box 242065, An¬ 
chorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: sci-
fish@alaska.net. 

IEEE International Symposium on Electron¬ 
ics & the Environment, May 4-6. Oak 
Brook, IL. Contact ISEE Confer¬ 
ence Registrar, 445 Hoes Lane, Pis¬ 
cataway, NJ 08855-1331; (732) 562-
3875; fax (732) 981-1203; e-mail: 
j .slaven@ieee.org. 

IEEE/IAS Industrial & Commercial 
Power Systems Technical Conference 
(l&CPS), May 4-7. Edmonton, Al¬ 
berta, Canada. Contact Marty 
Bince, Modicon Canada Ltd., 5803 
86th St., Edmonton, Alberta T6E 
2X4, Canada; (403) 468-6673; fax 
(403) 468-2925. 

IEEE Radar Conference, May 12-14. Con¬ 
tact Scott Ramey, 2501 West Univer¬ 
sity, MS 8056, McKinney, TX 75070; 
(972) 952-4409; fax (972) 952-3071; e-
mail: sramey@ti.com. 

IEEE International Conference on Acoustics, 
Speech & Signal Processing (ICASSP '98), 
May 12-15. Seattle Convention Cen¬ 
ter, Seattle, Washington. Contact 
Les E. Atlas, Dept. EE (FT 10), Uni¬ 
versity of Washington, Seattle, 
Washington 98195; (206) 685-1315; 
fax (206) 543-3842; e-mail: 
atlas@ee.washington.edu. 
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‘Receive only devices 
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OPTIMIZED FOR IF 
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Tx M1XEF 

— 
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MAX2426 70 ✓ ✓ High Side 
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MAX2441' 46 ✓ High Side 
MAX2442- 70 ✓ High Side 

MAX2460 10.7 ✓ ✓ Low Side 
MAX2463 110 ✓ ✓ Low Side 
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BOB PEASE 

What's All This 
International Business 
Travel Stuff, Anyhow? 
(Part II) 

As I was saying in my Aug. 4,1997 
column “What’s All This Inter¬ 
national Business Travel Stuff, 

Anyhow?” I was about to do some in¬ 
ternational traveling and lecturing. 
I’d be traveling to South America and 
Asia, giving a version of the lecture 
that I had given in more than a dozen 
places here in the States. And, I 
wanted to bring an extra set of foils 
(overhead transparencies) with sub¬ 
titles translated into the appropriate 
foreign languages. 

The Subtleties of Subtitles? Nobody 
thought that making up the subtitles 
was a terribly bad idea. But nobody 
thought it was a terribly good idea ei-

The final decision not to bring a set 
of subtitles was determined by the 
amount of help I would have needed 
to make up the subtitles. Also, there 
was the weight of the foils—the main 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIENTIST AT 
NATIONAL 
SEMICONDUCT¬ 
OR CORR, 
SANTA CLARA, 
CALIF. 

ther. Folks had 
never seen them 
done before. 

Most people said, 
“If you just talk 
slowly, that will be 
OK, when you are 
talking about tech¬ 
nical stuff.” Of 
course, part of the 
problem is that I 
also talk about 
nontechnical stuff. 
But, often the foil 
on screen helps ex¬ 
plain what I am 
talking about, with 
drawings, as well 
as words in the 
English language. 
And those words 
may or may not be 
helpful. 

set weighed over 5 lbs for 400 foils. 
Carrying two more sets in Spanish 
and in Portuguese would have over¬ 
loaded my poor little briefcase. I just 
had better things to do, more impor¬ 
tant than making subtitles, and I ran 
out of time. So much for a good theory. 

When I was lecturing in Brazil, I 
just told Rogerio, “If I talk too fast, 
take off your shoe and throw it at me, 
to remind me to slow down.” But I 
guess I never did go too fast. I had a lot 
of fun in Brazil and Argentina. In ret¬ 
rospect, I feel badly that I never went 
out of my way to talk too fast, and 
force Rogerio to throw his shoe at me! 

Gotta Think Fast! I put on some 
very good lectures in Argentina and 
Brazil. In Sao Paulo, we had well over 
100 engineers at our big lecture. They 
all knew how to laugh in the right 
places! In Buenos Aires, the number 
of attendees was smaller because the 
university students had finals that 
week. It was not that we picked the 
wrong day; there was no day that 
week that would have been very 
good. But, the high quality of the au¬ 
dience made up for the moderate 
quantity. I got into a spirited conver¬ 
sation with one student who asked, 
“Mr. Pease, we students cannot 
breadboard everything. Yet, you tell 
us we should not trust Spice. What 
should we do, in reality?” 

Good question! I paused and 
thought about it, and started to build 
my reply. “For your first or second 
round of study, there is no harm in us¬ 
ing Spice. I prefer to use pencil and 
paper, but you can use Spice if you 
prefer. Then when you have a design 
that Spice says is OK, that would be a 
good time to build a breadboard, to 
confirm if and where Spice is telling 

you some truth. Suppose you have 
checked out the performance of the 
breadboard, and the Spice runs, to 
get reasonable results or acceptable 
agreement. Then, when you optimize 
the final schematic you may be able to 
easily modify your first breadboard 
to check out the final version. Does 
that sound reasonable?” 

As we thought about this, I real¬ 
ized I had to tie up loose ends. I sug¬ 
gested, “What if you find a place 
where Spice does NOT tell the truth? 
You should document this, as a warn¬ 
ing to other students and engineers. 
Write up a book of such discrepan¬ 
cies.” Then I continued to expand 
these new solutions, “Make up that 
‘book’ on a computer—maybe on in¬ 
tranet at your university—so all stu¬ 
dents can see it.” He agreed this was 
a pretty good idea. 

Maybe all students should keep such 
a book. Computers are getting pretty 
cheap these days for storing and dis¬ 
seminating information. That is NOT 
the same as saying that computers are 
cost-effective for circuit analysis. I 
learned a lot from these eager students. 

Gotta Have FUN! In that Aug. 1997 
column, I mentioned a very good 
travel book whose name I’d forgotten. 
The author, Frank Perkins, was kind 
enough to send me another copy: 
Travel Adventures on the Company’s 
Nickel, ISBN 0-9648512-0-2. I’ll rec¬ 
ommend this as good reading, espe¬ 
cially for people who travel a lot; it 
might give you some good ideas. If you 
mention that you read this in “Pease 
Porridge,” you can order it for $12 
from Oak Publishing, Dept. PP, 5225 
Crane Rd., Melbourne, FL 32904. 

After all, as I mentioned previously, 
there are times when you might plan to 
go home as soon as you have finished 
your overseas work. But if you take a 
day or two of well-deserved vacation 
before you come home, you’ll be glad 
you did. I know a couple times I should 
have, and I regret not doing it. I’ll be 
smarter next time. The cost-benefit ra¬ 
tio is too good not to. I mean, if I am fin¬ 
ished with work on a Friday night, 
should I jump on the first plane home? 
Or should I spend the weekend in an 
amazing place, and get on a Sunday 
night flight? I know the answer to that. 

Besides, sometimes staying an ex¬ 
tra day or two can save your company 
a LOT of money on your flight. Ask 
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your travel agent for advice and 
guidelines. I often stay over a Satur-

[ day night to save $300 or $500 or 
i MORE. Air fares are so nonlinear 
these days!! 

Make sure your tax and/or travel 
experts can tell you about traveling 
taxes. If you take N days of vacation 
after N+l days of work, will you have 
to pay tax on that, because it’s not a 
business trip? What is your com¬ 
pany’s policy? More importantly, 
what is the 1RS’ policy? 

Lecture Time. ..After I returned 
home, I had to give a lecture at 
WESCON. My old friend Jack Leddy 
had asked me to lecture on a suitable 
topic about International Business for 
the IEEE. Of course, I talked about 
various items we have discussed pre¬ 
viously, and much more. I showed 
them my best check-list for business 
travel, which is now posted on the 
web. Go to my web site at: ivww.na-
tional.com/rap and look for LISTS. Or 
you could go directly to: www.na-
tional.com/rap/List/O,1150,35,00.html. 

At this lecture I gave out a 
BUSHEL of advice on international 
travel, such as: 

you have to call at an odd time to 
leave a message. 

•Know how to run your e-mail, mo¬ 
dem, or voice-mail from overseas. 
Have at least two phone charge cards. 

• Also consider using a telex, a TWX 
(still in use in some parts of the world), 
or maybe a video-conference. You 
might even use the snail mail, interna¬ 
tional air mail, or an outfit such as 
DHL, FedEx, or UPS. Some of these 
are quite expensive, but they could 
STILL save you a lot of grief and 
money. In some cases, telephone calls 
make sense. 

•Plan how to communicate before 
you leave. Know what your cus¬ 
tomer’s expectations are. Nothing an¬ 
noys me more than a customer who 
DEMANDS that we send an engi¬ 
neer to his plant, even before he ex¬ 
plains the problem. When we get 
there, it turns out the problem is 
something we could have solved bet¬ 
ter and quicker from home. 

•Be sure to get good advice on how 
to make phone calls at reasonable rates. 
When you are on the road, doing busi¬ 
ness long distance, you still have to be 
able to communicate. Maybe by mo¬ 
dem. Maybe by telephone. You proba¬ 
bly already know that hotels like to 
tack on surcharges of 50% to 200%. On 
a $30 phone call, that gets expensive re¬ 
ally fast. The pay phone in the lobby is 
less likely to gouge you. 

Eat, Drink, And... What else do you 
have to do, after you decide to travel? 
EAT, DRINK, and SURVIVE. (Not 
a trivial deal.) Find a place to stay. 
Ride and travel around. Negotiate. 
Communicate. Travel home. Commu¬ 
nicate MORE. All the while, try to 
avoid making your hosts (or cus¬ 
tomers) unhappy. And, as I said be¬ 
fore, LEARN. 

What to drink? In my lecture, I men¬ 
tioned that, when traveling overseas, 
you have to drink something, but be 
careful to not drink too much—unless 
it’s pure water. Drink plenty of water 
on the plane. Keep well hydrated. 

You should also bring iodine 
tablets or solution, so you can purify 
the local water. This can work much 
better than going thirsty, drinking 
the local water, or buying bottled wa¬ 
ter. The local water may be legally 
pure, but the local flora might not 
agree with your tummy. And, I 

•Be sure to reconfirm your flight. 
If you do not call the airline after you 
arrive in a foreign country, they may 
pretend they have no space for you to 
return, because you forgot to tell 
them you would want to go home. 

•Be aware of different procedures 
for stowing your spare batteries, keys, 
metal, and penknife before you get to 
the X-ray inspection. In the U.S., 
putting them in your briefcase is usu¬ 
ally OK. But for international travel, 
put your jack-knife and extra batter¬ 
ies in your checked baggage, other¬ 
wise, they may be confiscated. How¬ 
ever, make sure you do have some 
good batteries in your camcorder or 
computer. Security guards often want 
you to demonstrate that they WORK. 

•Inquire about the customer and his 
problems or complaints before you 
leave, so you don’t walk into a buzzsaw. 
Insist that you be warned if there are 
any problems that have been making 
this customer unhappy. Maybe you 
can’t solve them before you leave, but 
at least you’ll be aware of them. 

•Know how to reach colleagues in 
your home plant or office. Keep a 
good set of phone numbers, in case 

wouldn’t want to be alarmist, but 
some bottled water has been found to 
have enough bacteria to make your 
insides unhappy. Iodine can help 
avoid such problems. 

Avoid ice cubes, unless you can 
make your own out of pure water. 
(But you can always brush your teeth 
using beer.) In Nepal, our hotel pro¬ 
vided large urns of boiled water at 
each floor, so we could fill our can¬ 
teens with safe water. 

One time I went out for a walk 
with an engineer in a small South-
American city. He offered me a 
treat—some sugar cane juice. The 
juice vendor fed the big pieces of raw 
(not TOO dusty) cane through a 
crusher. The juice ran out of the cane 
and all over the cane and down 
through the machine. 

I thought about it. Would I dare to 
insult the customer by refusing to 
drink this sweet stuff? I decided to 
risk it, and sipped it down. Not bad. 
And, I never did get sick. But, if 
somebody offers you something from 
conditions that are slightly less than 
sanitary, you should have a good, po¬ 
lite excuse ready: “Oh, my tummy is 
feeling very wobbly today. Thanks, 
but, NO thank you.” 

What To Eat? While we were 
trekking in Nepal, we were very 
careful to eat only foods that were 
safe, on dishes that had been washed 
scrupulously clean and rinsed with 
chlorine water. But after the trip, I 
ate some of the local dhal-bhat (rice 
with lentils). Why not? The rice has 
been boiled and the lentils have been 
boiled; the only way you could get in 
trouble is if the dishes were not prop¬ 
erly washed. But the lunch was very 
tasty, and I had no problems. Still, I 
preferred to drink my beer from the 
bottle, not from a glass. 

I would never do this, and you 
shouldn’t do it, either: Don’t brag, “I 
like my chilis REAL hot!” You might 
discover that the local restaurants 
have chilis (or curries) hotter than 
anything you’ve ever met in your life! 
You sure would be embarrassed if 
you had to be hospitalized. 

Remember, curries and chilis are 
measured, like earthquakes, on an 
open-ended scale. There is substan¬ 
tially no limit of how hot they may be. 
Or do you want to find out? Do YOU 
want to be a calibrator? Several peo-
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have to tell YOU how to negotiate 
deals—YOU already know that—but 
the book reminds us that strategies 
that work in one country, may be 
counter-productive in other countries. 

The book runs about $20; ISBN 1-
55850-444-3, published by Bob Adams. 

Other Books. ..Other travel books 
that are very useful are those the 
Lonely Planet series. These can help 
you travel gracefully in a large num¬ 
ber of areas. Any good bookstore can 
get you the book you want, but in a 
case like this, I like to look up what is 
available from Amazon Books at 
wunc.amazon.com. It may be easier 
to tell if you want what they have, on 
the computer, compared to the trou¬ 
ble you would have at a bookstore. 

Now, if you are a starving student, 
you might want to get most of your 
travel books from a library. But the 
first time you waste an hour (not to 
mention a day) going somewhere rec¬ 
ommended by an out-of-date travel 
book, you’ll have wasted more than 
the cost of a new book, several times 
over. Students would hate to admit 
that. But if you are traveling on busi¬ 
ness, there is no excuse for wasting a 
lot of time because you’re using out-of-
date information. (Of course, even the 
newest book becomes obsolete fairly 
quickly. You must inquire locally to 
confirm that what you plan to do is re¬ 
ally feasible. There might be a road 
out, or a boat service that’s changed.) 

Which Bookstore? Recently I wanted 
to buy a book on motorcycle safety. I 
went to a good little book store and 
asked them to search for it. They could 
not find it. When I got back to my com¬ 
puter, I searched for it at Amazon 
Books, and it turned up in 10 seconds 
flat. So, I ordered it from Amazon. 

I do like to do business with real, 
local book stores. But, if a REAL 
bookstore is bleating because it is los¬ 
ing business to bookstores on the In¬ 
ternet, it has no leg to stand on when 
it cannot search for a book properly. 

More Lectures.. .The same week as 
my WESCON lecture, I was flying to 
Nepal for our trek. Should I give a 
lecture there, before I came home? 
Our international marketing people 
said it would be a waste of time, be¬ 
cause nobody in Nepal is buying 
many semiconductors. Well, I 
thought, all the more reason to ex¬ 
plain what linear ICs are about. Not 

to mention the explanations of, “How 
to tell when your (digital) computer is 
lying—and what to do about it.” 

So I asked some colleagues at Lo¬ 
tus Energy in Kathmandu (they 
make rechargeable solar-powered 
systems of all sizes) to get out the 
publicity, and I hired a hall. We got 80 
people to show up. Some were engi¬ 
neers, some were professors at the 
university. About one-third of the au¬ 
dience were students. Some were 
technicians or other professionals 
who work around electronics. 

We had a very pleasant evening, on 
Dec. 5, the day after I got back from 
my trek, at the Mountain Hotel in 
Kathmandu. I remembered to talk 
slowly. The moderator did not have to 
throw his shoe at me. 

Why didn’t I give a lecture in In¬ 
dia? The international experts 
thought we would do our best busi¬ 
ness there by selling microproces¬ 
sors, for which “only a few lines of 
software would be required.” So they 
would obviously not need any advice 
on analog systems or circuits. They 
decided there would be no point in my 
giving any lectures in India. Sigh... 

On The Way Home. ..To be sure, it’s 
good if you can write your trip report 
while you are on the flight home (or, 
even better, on the drive back from 
the customer’s location), before you 
forget the important details. Will a 
100-MHz Pentium laptop computer 
be helpful? Maybe, if you can type at 
faster than 10 MHz. Personally, I pre¬ 
fer a small, laptop word processor 
such the Alphasmart Pro, which 
weighs barely 2 lb, and on which you 
can type for 60 hours or 128 kbytes, 
whichever comes first. I bought one 
for about $290. The only thing wrong 
with it is that my wife borrowed it, 
and she really likes it. She hates to 
give it back. To find out more about 
the Alphasmart, call the company at 
(408) 252-9400, or look up www.al-
phasmart.com. 

What happened to my old Tandy 
Model 102? I found that its usable mem¬ 
ory of 25 kbytes is just too small to be 
practical for more than a short week¬ 
end trip. So, it’s basically retired. 

Computer Problems...Make sure that 
your power-line cords can fit into the 
foreign adapters. Often, a wide prong 
will not fit in, and you’ll have to grind 
it off with sandpaper or emery 
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pie told me that this happened to one 
of their friends. 

Where To Stay? Perhaps your com¬ 
pany’s local-office secretary or the cus¬ 
tomer’s secretary can make reserva¬ 
tions. Either way, be sure to keep good 
notes of your reservations and confir¬ 
mation number. (Not to mention, car 
rental information.) On more than one 
occasion, I have moved from hotels 
that are too fancy and pricey, to digs 
that are less pretentious. Don’t be too 
surprised if doing that makes you 
more comfortable—or puts you in a 
quieter neighborhood. The money 
saved is probably not as important. 

Communicate At Home And Away...In 
my lecture, I expanded on the ways 
that even people who do NOT travel, 
have to be prepared to help and com¬ 
municate with foreign customers. You 
never know who will be on the line 
when your phone rings—could be 
someone from Ghana, Germany, or 
Greece. Each business climate has its 
own customs. No matter if you’re trav¬ 
eling or at home, you still have to be 
able to change gears quickly when that 
phone rings. 

I recommend the great new book: 
Kiss, Bow, or Shake Hands by Morri¬ 
son, Conaway, and Borden. It covers 
many areas such as cultural 
overviews, behavior styles, negotiat¬ 
ing techniques, protocol, and business 
practices in 60 countries. 

This book reminds me about many 
aspects of travel that make a lot of 
sense, if you happen to think of them. 
Here are some examples: Don’t as¬ 
sume that customs or words that work 
in one area, work in another. Don’t as¬ 
sume that all Spanish is “Spanish.” 
The phrases that work in Spain are of¬ 
ten DIFFERENT in Mexico, and 
even more different in Argentina, 
even though they all speak “Spanish.” 
If any book purports to teach you 
“Spanish,” a fair question is, “Yes, but 
WHOSE Spanish?” 

The English language also is quite 
amazing in its variations between the 
U.S. and England—not to mention 
Australia or Scotland. Gestures that 
are OK in one part of the world are of¬ 
ten NOT OK in other places. So if you 
want to avoid insulting your hosts or 
customers, a book such as this one is 
very important. 

The book also has sections on how 
to negotiate in each country. I don’t 
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boards. Or a rock. Check that before 
you leave. (Adapters are available at 
Radio Shack and many travel stores.) 

Make sure you have the correct 
adapters to run on 220 V. I almost 
bought a “universal” battery charger, 
until I read the fine print. It said that 
it only runs on 115 V! (My Sony bat¬ 
tery charger will operate from 115 or 
230 V, or anywhere in between.) 

Jet Lag? Do you know how to beat jet 
lag? I like to just take a small nap, when 
I get tired (which would be the wrong 
time to go to bed for the night). Next, I 
need a GOOD LOUD alarm clock to 
wake me up from my nap. Then, I stay 
up to my ordinary bed-time, good and 
late. As a result, I wake up in the morn¬ 
ing at a good time. This is like hitting a 
PLL with a big PULSE to force it into 
lock with a change of phase. 

Travel Around...How are you going to 
get around? In some places you can 
rent a car, that you can drive. (Other 
places I would not want to.) As I men¬ 
tioned a couple months ago, in Kath¬ 
mandu, I hired a good car, with a good 
driver, for about $80 a day. Whereas a 
month earlier, I rented a car at JFK air¬ 
port in N.Y., and even though I re¬ 
turned it where I got it, they soaked me 
$80. Of course, you could always rent a 
motorcycle... NO, I am NOT serious 
about that. 

How Should I Pay? Know how to use 
your PLASTIC. I was not able to get 
cash out of money machines in 
Buenos Aires, but next year I bet I 
can get some at the airport. I used to 
have a four-digit password for my 
money card. Then, one day, my bank 
forced everybody to change to a five¬ 
digit number. But, in some overseas 
money machines, only four-digit pass¬ 
words are accepted. When I com¬ 
plained to my bank about this, they 
permitted me to change back to a 
four-digit password. Many restau¬ 
rants and businesses overseas now 
accept plastic, but not all. So check 
before you run up a big bill. 

As one of my travel agents likes to 
point out, “Bring half as much cloth¬ 
ing and twice as much money.” But I 
was recently staying in a hotel that 
charged $11 to launder a shirt. Fortu¬ 
nately, I had enough shirts to last me 
to my next city, where laundry rates 
were much more reasonable. (In 
Kathmandu, the charge to launder a 
shirt was about $0.47.) 

When You Have To GO! What’s the dif¬ 
ference between a hole in the floor, and 
a toilet? In some parts of the world, not 
much. To figure out how to attack this 
problem, consider Going Abroad—The 
Bathroom Survival Guide by Eva 
Newman. ISBN 0943-400929. About 
$13 from Magellan’s, (800) 962-4943. 

Highway Robbery? When somebody 
points out, “Sir, look, OH MY! There is 
mustard all over your coat!” what 
should you be thinking? You should be 
EXTREMELY careful because a gang 
of thieves is trying to distract you, and 
make off with your wallet or your cam¬ 
era. It’s a well-known scheme. Some¬ 
body tried it on me, right across from 
the Sheraton in Buenos Aires. 

They did NOT get my camera nor 
my camcorder nor my wallet. For 
more information, you might read 
Foiling Pickpockets and Bag Snatch¬ 
ers and other Travel-Related 
Crimes/Scams. Send a check for $3.95 
to: Travel Companion Exchange, Pick¬ 
pocket Reprint, Box 833, Amityville, 
NY 11701.1 sent for this a few days 
ago, but haven’t had a chance to read it 
yet. I wonder if they will include the 
story of the old Yankee sea captain 
who kept fish-hooks in his pocket to 
discomfit pickpockets? 

Strange Customs? I’m putting this at 
the end, but YOU shouldn’t do that: 
Make sure you understand what U.S. 
Customs says, before you leave. Don’t 
buy something that may be illegal or 
is liable to be confiscated when you 
return. I hope these ideas will help 
you survive any overseas trips—and 
prosper in your international busi¬ 
ness, too! 

All for now. I Comments invited! 
RAP / Robert A. Pease / Engineer 
rap@webteam.nsc.com—or: 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

Circle 550 if you can’t get e-mail, 
and want a copy of RAP’s “Business 
Travel Checklist,” by mail. 

Circle 551 if you want a copy of 
RAP’s “Maxi-Report” on trekking 
around Annapurna, (mail or e-mail) 

Circle 552 if you might be inter¬ 
ested in a VHS format videotape of 
RAP’s 1997 lecture; 3.7 hours; $15.95. 
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WALT'S TOOLS AND TIPS 

Reader Feedback: 
A Mailbag And Book Review 

This month’s column takes a look at 
the mail, plus a new edition of a 
popular op amp book. It’s been a 

while since we’ve shared the mail with 
you in “Tools And Tips.” In the in¬ 
terim, a variety of letters have crossed 
my desk, including some that focus on 
older columns. 

E-mail Starter Kit (Feb. 3,1997): This 
column had a carryover dialogue. 
Dave Bunin, of KBI Systems, had 
written to me last March with a spe¬ 
cial e-mail query. He sought an Inter¬ 
net-compatible e-mail system suitable 
for a small (<50 employees) company 
operating on a LAN. I didn’t know of 
such a system, so I could only answer 
him in very general terms at the time. 

More recently, Dave wrote back to 
tell me that he had indeed found a sys¬ 
tem which met his company’s needs, 
namely a package called WIG (Work¬ 
group Internet Gateway), from Sa-
reen Software, P.O. Box 140029, 
Nashville, TN 37214; (615) 902-0000; 
or www.sareen.com. 

This program allows users of a 
common workgroup to send/receive 
Internet e-mail via a Windows PC. 
One machine on the LAN requires an 
Internet connection, and it sends/re-
ceives messages to/from an ISP. WIG 
supports the widely used mail stan¬ 
dards, such as the familiar SMTP and 
POP3 services, and both MIME and 
UUENCODE encoded attachments. 

Also on e-mail, correspondents may 
have noted my use of new addresses, 
to segregate business and column 
mail. Past addresses are still valid, but 
Walt_Jung@CSI.com is preferred. 

Analog’s Shrinking World (April 1, 
1997): In another carryover, consultant 
Wilton Helm wrote on surface-mount 
(SM) technology in analog designs. 

Walt, glad to see your column in 
electronic design. I got your op¬ 
amp cookbook many years ago (20,1 
think), and learned to appreciate your 
practical sense of engineering. 

Since you asked twice now, I’ll give 
a dissenting opinion on analog SM. I 
am a consultant doing hardware and 
software designs that range from con¬ 
trol circuits through microwaves, of¬ 

ten with embedded processors. 
I disagree that SM is a bad thing for 

audio and analog in general. Sure it’s 
a bit of a pain to prototype, and in 
some situations, harder to do thermal 
management in high-power situa¬ 
tions. But, the high-frequency (HF) 
performance gains due to lowered 
parasitics makes it worth any pain. 

For starters, op amps generally 
have wider, flatter response curves 
(same die) just because of less bond 
wire, lead frame inductance, and pin 
capacitance. That is even before 
putting them on a pc board. Add the 
wonders of1206 resistors and capaci¬ 
tors, and it can make a real perfor¬ 
mance difference. And, general-pur¬ 
pose analog devices such as 
op amps now work in HF 
applications. 

The first use of chip ca¬ 
pacitors, resistors, and other 
SM devices was in RF de¬ 
vices, where parasitics 
couldn’t be tolerated. Thank¬ 
fully, miniaturization de¬ 
mands have now migrated 
these devices down, covering 
most solid-state parts. 
As for prototyping pains, I 

learned many years ago not 
to breadboard or to wire wrap any¬ 
thing critical. Not only does prototype 
behavior differ so much from the fin¬ 
ished product to be of minimal use, it’s 
too expensive. I test what subcircuits I 
need, using prototype boards or pc-
board material and a Dremel tool. 
Then, I build my first prototype on the 
computer using pc-board software, 
and have a few made. They may not be 
perfect—in fact, whole sections may 
need redoing—but the resulting cut 
and jumpered board mimics the fin¬ 
ished product a lot more faithfully 
than any other prototype form I know. 
As a bonus, I have a near-finished 

set of artwork on the computer await¬ 
ing final changes. The cost of making 
a few boards is about two days of engi¬ 
neering time, less than the cost of tack¬ 
ing something together or wire wrap¬ 
ping. CAD time is mostly recovered 
with the production artwork; with luck 

it is 90% done. Keep up the interesting 
columns. 

Hi Wilton, thanks for your thoughts 
on the column. I’m glad that you find 
my IC Op Amp Cookbook practical. 

I’m rather surprised that no one else 
has taken up my challenge regarding 
the analog merits of SM. But let’s take 
your points on SM as part of a larger, 
overall analog design world picture. 

Your perspective isn’t really all that 
far from what I expressed in the Sept. 
2,1997 column, or the “good” side of 
SM active device performance. We 
both agree smaller packages are bet¬ 
ter here, and it has led to the use of rel¬ 
atively straightforward designs using 
op amps into the hundreds of MHz. 
This is something I’d never have 
thought possible 15 years ago. 

But, if speed-related performance 
is all we want here, how about no pack¬ 
age, like individual hybrid chips? This 
is the ultimate HF performance with 

multiple analog ICs. Perhaps 
you’ve been down that road 
as well. Even SOTk add para¬ 
sitics vis-a-vis bare chips. 

Unfortunately, analog isn’t 
composed of just video and 
RF applications. There are 
still tons of lower-frequency 
applications that can be very 
demanding. But, with the 
current trends in packaging 
and IC developments, I don’t 
necessarily see them continu¬ 
ing to be solved as well in the 

future—that is, as well as they are 
now using highly mature analog parts 
such as the OP07 series. 

A trend accompanying SM packag¬ 
ing is lower system supplies, down to 3 
V or less. This has already led to low¬ 
ered maximum operating voltages, as 
smaller geometry and faster processes 
allow less Vs(max) while producing the 
tiny parts you and others like. But sup¬ 
pose 10 years from now you need to 
handle a 120-dB dynamic range on a 3-
V supply system. How hard do you 
think that would be, compared to to¬ 
day’s world, using a ±15-V amplifier 
such as the AD797? Back to discretes? 
What size reduction? 

The general point is that trends 
such as ever-descending size and sup¬ 
ply voltage ultimately have a price. 
We are already quickly migrating to 
this point with 12-V or less devices. I 
don’t know what performance we’ll 
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have left when 1- to 2-V supplies are 
standard! 

The passive SM RC components 
with low HF parasitics aren’t always 
best for nonlinearities. Or, if you use 
high-quality NPO ceramic chip caps 
for lowest ac errors, you are limited to 
about 0.01 pF in electrical size. That’s 
a serious constraint if you need a low 
THD+N 100-Hz LP filter! 

The breadboard issue is a very 
tough nut to crack, and you’ve evolved 
your way with prototypes. Good! This 
likely came after learning what you 
could and couldn’t do. The bottom line 
is that you have a degree of confidence 
entering a new design, and a time bud¬ 
get estimate. 

But, this scenario is of little help to 
someone much-less experienced, as 
he or she lacks the broad-based, real-
world experiences which help you to 
gauge things beforehand. A new en¬ 
gineer has been taught Spice simula¬ 
tion, which as you likely know, can be 
both good and bad. For larger mixed-
signal systems, simulation can be 
impossible without device models. 
And no simulation will be 100% accu¬ 
rate without detailed model informa¬ 
tion on the board-level parts and 
interconnections. 

This leaves the general picture re¬ 
garding breadboarding pretty much 
as I had stated in the column. It is diffi¬ 
cult, but can be helped some by manu¬ 
facturers’ evaluation boards. In the 
long run, they will always be insuffi¬ 
cient for specific customer uses, so 
good breadboards are now more im¬ 
portant than ever. 

These are just a few thoughts to 
bounce back to you and the readers, to 
stimulate further thinking and re¬ 
sponse. Thanks for the interest and 
taking the time to write. 

Computer Tech Support (Aug. 4, 1997, 
Revisit Nov. 3, 1997): These columns 
drew the greatest amount of mail, in¬ 
deed too much for this article. Look for 
a special column on this hot-button 
topic next month. 

Practical Circuits for Quiet Audio 
Transmissions (Nov. 17,1997 Analog Spe¬ 
cial): A couple of readers wrote with 
queries on instrumentation amps in 
general, but without specific rele¬ 
vance to circuits in the article. James 
Davis, currently engineer for Duke 
University radio station WXDU, re¬ 
lated his 1968 war story of installing 

common-mode isolation steps taken 
with setting up the same station. 
Transformer isolation was indeed a 
requisite to handle this case! 

TIP: Although the Nov. 17 article 
didn’t go into any depth on special de¬ 
sign requirements for RFI prevention 
and cures, this point certainly is (or 
should be) a priority, for any audio or 
precision de circuit operating within 
RF fields. 

Franklin Miller, president of 
Sescom Inc., 2100 Ward Dr., Hender¬ 
son, NV 89015-4249; (702) 565-3400; or 
wunv.sescom.com was helpful both be¬ 
fore and during the course of prepar¬ 
ing the article. His company’s prod¬ 
ucts are worth mention for all-around 
utility. Not only do they make a broad 
line of audio transformers, they also 
provide off-the-shelf and custom audio 
chassis. They also make various items 
useful in electronic prototyping and 
breadboarding, not just for audio, but 
also for wideband circuits. One exam¬ 
ple is the PSB series, various-sized as¬ 
semblies of copper-clad pc boards and 
metal side rails. When completed, 
these fit into a clean, RF-tight box 
suitable for housing small circuits, etc. 

Op Amp Books: Reader mail on the 
column’s various book reviews has 
been generally positive. That said, I’ll 
also admit that I can hardly resist any 
new book on op amps, particularly 
when a new revision of a useful prior 
edition appears. Sergio Franco’s re¬ 
vised textbook on op amps is now out, 
and I’ve had a chance to look it over. It 
is Design with Operational Ampli¬ 
fiers and Analog Integrated Circuits, 
Second Edition, ISBN 0-07-021857-9, 
668 pages with index, from McGraw-
Hill. There also is a dedicated web site 
located at www.mhhe.comJengcs/elec-
trical/franco/. Note that Amazon.com 
lists it at $92.50, unvw.amazon.com. 

One could say that this new edition 
is much like the first, which it is. But it 
is more up-to-date and expanded in 
some key areas. It also has very good 
general coverage of op amps and other 
analog applications, such as active fil¬ 
ters. As a bonus, there is extended 
coverage on other popular analog and 
mixed-signal ICs, such as timers, 
VCOs and function generators, V/Fs, 
DACs and ADCs, switching regula¬ 
tors, and PLLs. 

A chapter heading summary of the 
book is as follows: 1. Operational Am¬ 

plifier Fundamentals, 2. Circuits with 
Resistive Feedback, 3. Active Filters: 
Part I, 4. Active Filters: Part 11,5. 
Static Op Amp Limitations, 6. Dy¬ 
namic Op Amp Limitations, 7. Noise, 
8. Stability, 9. Nonlinear Circuits, 10. 
Signal Generators, 11. Voltage Refer¬ 
ences and Regulators, 12. D-A and A-
D Converters, 13. Nonlinear Ampli¬ 
fiers and Phase-Locked Loops 

This book is used in the authoris se¬ 
nior EE course at San Francisco State 
University, Calif., and it has 176 
worked examples and 526 challenging 
end-of-chapter problems, in classic 
textbook style. The difference be¬ 
tween this book and some other text¬ 
books is that this one is more attuned 
to current design practices. 

This current interest is evident in 
the treatment given throughout the 
text, such as the use of Spice simula¬ 
tions and graphics, to demonstrate var¬ 
ious points. There also are updated sec¬ 
tions on modern op-amp designs, for 
example, the use of current-feedback 
amplifiers, as well as the voltage-feed¬ 
back type. The active-filter portion of 
this book comprises two complete 
chapters, and is a remarkably clear and 
lucid presentation. It also is expanded, 
and includes standard and more-ad¬ 
vanced topology filter types. Among 
these are compensated state-variable 
filters, popular Sallen-Key filters, GICs 
and FDNRs, switched-capacitor types, 
and sensitivity analysis, etc., as well as 
some advanced analysis techniques in 
filter design (the use of Laplace synthe¬ 
sis in conjunction with PSpice). 

TIP: This new book is considerably 
improved over its previous edition, 
and could serve as a good general 
overview of op-amp and related ana¬ 
log theory for designers. While cer¬ 
tainly not an applications manual, De¬ 
sign with Operational Amplifiers 
and Analog Integrated Circuits, 
strikes a balance between the purely 
theoretical and workable circuits, yet 
still retains the instructional guise of 
a textbook. 

That’s it for another column. Enjoy, 
and stay in touch. 

Walt Jung is a corporate staff ap¬ 
plications engineer for Analog De¬ 
vices, Norwood, Mass. A longtime 
contributor to Electronic Design, he 
can be reached via e-mail at: 
Walt_Jung @CSI.com. 
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Here's the line-up of some of the important 
topics featured in our April and May issues. 

APRIL 6, 1998 ISSUE 
• Analog Design: Power Control & Commodity 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: Michcontroller 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. 

Í®MIC 3M 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 



NEW PRODUCTS 
SWITCHES & RELAYS 

I 
I 
I 

High-Sensitivity PhotoMOS 
Relay Handles Up To 6 A 
With an on-resistance of less than 500 
mQ, the AQZ264 and AQZ262 photo-
MOS relays need as little as 3 mA to 
handle ac or de loads from 400 V at 1 A, 
to 60 V at 6 A, respectively. Housed in 

a four-pin, 1.693- by 0.354- by 1.260-in. 
package, the devices have a leakage 
cun-ent of 10 pA. Maximum input rat¬ 
ings include 50 mA (1-A peak) forward 
cun-ent, 3-V reverse voltage, and 75-
mW power dissipation. The isolation 
voltage is 1500 V ac and the operating 
temperature range is -20° to 85°C. 
Pricing is $15 each per 1000; delivery 
is from stock to 12 weeks. PM 
Aromat Corp., 629 Central Ave., 

New Providence, NJ 07974; Sales 
Dept., (800) AROMAT9; fax (908) 771 -
5658; www.aromat.com. CIRCLE 463 

Hybrid, Solid-State Relays 
Target PCMCIA Modems 
The PS7241-AT1 (de input) and 
PS7241-AT5 (ac input) are solid-state-
relay hybrids that combine both the 
relay and an optocoupler in a single 8-

pin SOP. The devices have an on-resis-
tance of 30 Q (max) and an isolation 
voltage of 1.5 kV. Other features in¬ 
clude dial-pulse generation, on/off 

hook control, ring-signal detection, 
and loop-current sensing. The relays 
meet UL, CSA, and BSI standards, 
and can operate without degradation 
in performance up to 80°C. Pricing is 
$1.75 each per 1000. pm 

California Eastern Labs, 4590 Patrick 
Henry Dr., P.O. Box 54964, Santa Clara, 
CA 95054-1817; (408) 988-3500; fax 
(408) 988-0279; www.cel.com. 

CIRCLE 464 

Microelectronic Relays Come 
In Thin, Surface-Mount Form 
Measuring 2 mm high, the PVT422P 
Series microelectronic relay comes in 
a surface-mount package. The device 
has a maximum load-voltage-handling 

capability of ±400 V (de or ac peak) 
and handles a maximum load current 

; of 120-mA per channel, with an on-re-
: sistance of 35 Q (max). The device re-
' quires 2-mA actuation current and has 
; an input-to-output isolation level of 
; 3750 V rms. Packaged in an 8-pin DIP, 
i the relay is available in tape-and-reel 
form. Pricing is $2.23 each per 25,000; 
delivery is six to eight weeks, pm 

International Rectifier, 100 N. Sepul¬ 
veda Blvd., 8th. Floor, El Segundo, CA 
90245; (310) 252-7105; fax on de¬ 
mand (310) 252-7100; www.irf.com. 

CIRCLE 465 

Low-Cost, Pc-Board Mount 
Relay Exhibits Versatility 
The G4X is a pc-board mount relay for 
consumer and industrial applications. 
The UL-, CSA-, and VDE-approved 
device incorporates Class B coil insu¬ 
lation and is available in 10- and 16-A 
versions with flux protection or plastic 
sealing. Available coil voltages are 9, 
12,18, and 24 V. Pricing is $1.89 each 
per 1000; delivery is from stock. 

Omron Electronics Inc., One East 
Commerce Dr., Schaumburg, IL 60173; 
(800) 55-OMRON; fax (847) 843-
8081 CIRCLE 466 

Quiet Relay Aims For 
Automobile-Cabin Applications 
The FTR-P2 is a high-power automo¬ 
tive relay capable of handling up to 25-
A continuous, or 35-A inrush. Featur¬ 
ing a 50-dB noise level and an internal 
H-bridge configuration, the relay 
measures 21 by 18 by 16.5 mm, and is 
available with 0.3-mm contact gaps. 
Contact materials comprise silver, tin 
oxide, and indium oxide. The coil-volt-
age ratings are 9,10, and 12 V de, and 
the coil power is 450 mW. The operat¬ 
ing temperature range is -40° to 85°C. 
Pricing is $2 each per 1000; delivery 
time is 12 weeks, pm 

Fujitsu Takamisawa America Inc., 

250 E. Caribbean Dr., Sunnyvale, CA 
94089; (800) 380-0059; fax (408) 
745-4971; www.fujitsufta.com. 

CIRCLE 467 

Rugged, Pushbutton 
Switches Handle Up To 8 A 
Available with contact ratings of 4 A 
at 250 V ac, or 8 A at 125 V ac, the 1200 
Series pushbutton switches come with 
solder lug, screw, or screw-with-clamp 
terminals. The devices include a ro¬ 
bust, 12-mm threaded bushing that 
mounts in a panel hole slightly larger 
than 0.5 in. The switch body measures 
0.551 by 0.669 by 0.472 in. Options in¬ 
clude actuator style and finish. The 
switches have a contact resistance of 
10 mil (max), an insulation resistance 
of 1000 MQ, a dielectric strength of 
2000 V rms, and an operating temper¬ 
ature range of-20° to 55°C. Pricing for 
a normally open version, the 
1213A2UU, is $1.89 each per 1000. pm 
APEM Components Inc., 134 Water 

St., P.O. Box 544, Wakefield, MA 
01880-4444; Mel Hallah (781)246-
1007; fax (781) 245-4531; 
www.apem.com. CIRCLE 468 



NEW PRODUCTS 
ANALOG 

Rail-To-Rail Amp Combines 
High Speed And Low Cost 
A new family of rail-to-rail op amps 
from Analog Devices doesn’t force de¬ 
signers to trade off between speed and 
price. The AD8051/52/54 op-amp fam¬ 
ily is particularly well suited for appli¬ 

cations requiring low supply voltage 
and rail-to-rail output, such as CCD 
imaging, DVD, or buffering ADCs. 
The family operates with +3- to +12-V 
single supplies, and may also be used 
with ±5-V dual supplies. Typical per¬ 
formance is 0.2 to 4 V on a +5-V supply, 
bandwidth of 110 MHz or more, and 
slew rate of 140 V/ps. 

The single amplifier is offered in an 
SOT 23-5 or standard SOIC package; 
the dual version comes in a microSOIC 
or SOIC package; and the quad ampli¬ 
fier is available in a 14-lead SOIC or 
TSSOP. In 10,000-piece quantities, the 
AD8051, AD8052, and AD8054 ampli¬ 
fiers cost $0.79, $1.47, and $2.62, re¬ 
spectively. LM 

Analog Devices Inc., Ray Stafa Tech¬ 
nology Center, 804 Woburn St., Wilm¬ 
ington, MA 01887; (617) 937-1428; In¬ 
ternet: www.analog.com. 

CIRCLE 469 

DC-DC Converters Offer 
Three Modes Of Operation 
Two new dc-dc converters from Sipex 
Corp, offer three selectable modes of 
operation. The SP782 and SP784 con¬ 
verters are based on the company’s 
patented charge-pump design. Both 
parts can operate either as a voltage 
doubler and inverter, a voltage in¬ 
verter, or be put in low-power shut¬ 
down mode. The converters’ program¬ 
mable features let users supply 
voltages that are suitable for RS-232 
(±10 V) and RS-423 (±5 V) drivers. 
Battery-powered applications benefit 
from on-chip power-management cir¬ 

cuitry and the low-power shutdown 
mode that consumes less than 60 pA of 
supply current. 

Both converters are fabricated in 
low-power biCMOS technology. The 

devices are offered in either a 16-pin 
plastic DIP or a 16-pin SOIC package. 
Pricing for the SP782 and SP784 is set 
at $1.50 and $2.00 in 1000-piece quanti¬ 
ties. Delivery is from stock to six 
weeks. LM 

Sipex Corp., 22 Linnell Circle, Biller¬ 
ica, MA 01821; (978) 667-8700; 
www.sipex.com. 

CIRCLE 470 

High-Speed FET Driver Has 
Four High-Current Outputs 
Unitrode’s UCC3776 is a high-speed, 
high-current quad-output driver IC 
intended to drive the gates of power 
MOSFETs in various switch-mode 
power-supply, motor-drive, and 

power-management applications. The 
outputs can be paralleled, making the 
part a dual 3-A driver for two-switch 
applications. In secondary-side appli¬ 
cations, the drivers can be incorpo¬ 
rated into synchronous switching con¬ 
verters. 

Switching losses are minimized be¬ 
cause each of the four outputs can de¬ 
liver 1.5 A of peak gate drive current 

for rapid tum-on, and will sink 2 A for 
improved turn-off. Features include 
undervoltage lockout, an enable func¬ 
tion, and polarity selection for choos¬ 
ing inverting or noninverting input-
to-output commands. The UCC3776 
comes in a 16-pin DIL or 28-pin 
PLCC package. Pricing is set at $2.85 
each in 1000-piece quantities. Deliv¬ 
ery for production quantities is 12-14 
weeks. LM 

Unitrode Corp., 7 Continental Blvd., 
Merrimack, NH 03054; (603) 424-
2410; www. unitrode. com. 

CIRCLE 471 

POR Voltage Monitor 
Guarantees ±1% Accuracy 
The LP3470 power-on-reset (POR) 
voltage monitor features a guaranteed 

accuracy of ±1% over -20 to +85°C. 
Guaranteed reset is valid down to Vcc 
= 0.5 V. The micropower LP3470 volt¬ 
age monitor comes housed in a SOT23-
5 package, and is designed to generate 
a reset output whenever the voltage 
supply falls below preset specifica¬ 
tions. Flexibility is provided with an 
adjustable reset time-out period. 

Designers can choose from among 
six standard reset threshold voltages: 
2.63,2.93,3.08,4.00,4.38, and 4.63 V. 
In addition, E2PROM technology en¬ 
ables the part to be programmed for 
more than 50 different threshold volt¬ 
ages between 2.4 and 5.0 V. These 
threshold voltages come in 50-mV in¬ 
crements. The LP3470M5 is available 
now in production quantities. Pricing 
for the monitor is set at $0.70 each in 
1000-unit lots. LM 

National Semiconductor Corp., 2900 
Semiconductor Dr., Santa Clara, CA 
95052-8090; (408) 721-5000; 
www. national, com/pf/LP/LP3470. html. 

CIRCLE 472 
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NEW PRODUCTS 
SENSORS 

Compact Pressure Transducer 
Can Withstand An Explosion 
The Series 420X pressure transducers 
and transmitters are now available in 
compact, stainless-steel NEMA 4X, 7, 
9 explosion-proof housings suitable for 
use in Class I, Division I Groups A, B, 
C, and D hazardous locations. All parts 

come with the standard 1/4-14 NPT 
male pressure connection. 

Three models are currently offered: 
Series 423X is a 5-V transducer, Series 

outputs. The welded, stainless-steel 
units can be configured for wet/wet or 
wet/dry applications, and with in-line 
or right-angled pressure ports. The 

426X is a 10-V transducer, and Series 
425X is a 20-mA transmitter. All mod¬ 
els are available for process pressure 
ranges from 0-15 psia to 0-10,000 psig. 
Accuracy is rated ±0.25% full scale, in¬ 
cluding linearity, hysteresis, and re¬ 
peatability. Stability is rated at ±0.5% 
of full-scale output. The parts are de¬ 
signed to withstand up to 50 g of shock 
and 15 g of vibration as designated in 
MIL-STD-202. Call for pricing and 
availability, lm 

Barksdale Inc., 3211 Fruitland Ave., 
Los Angeles, CA 90058; (800) 835-
1060 or (213) 589-6181. CIRCLE 473 

Pressure Transducer Family 
Offers A Variety Of Options 
A wide variety of options makes t he 
DeltaPlus family of differential pres¬ 
sure transducers suitable for many ap¬ 
plications. The product line offers a set 
of standard configurations and a range 
of options so that designers can meet 
their exact specifications. Designers 
also can choose from various pressure 
parts, electrical terminations, signal 
outputs, and mechanical configurations. 

DeltaPlus transducers feature ac¬ 
curacies of ±1% or ±0.25%, and a full-
scale range as low as 10 inches of wa¬ 
ter over an operating temperature 
from -40° to 225°F. Standard output is 
0-100 mV. or you can choose from in¬ 
ternally amplified voltage and current 

DeltaPlus differential pressure trans¬ 
ducer family is shipping now. Prices 
start at $600. lm 

Sensotec Inc., 2080Ariingate Ln., Co¬ 
lumbus, OH 43228; (800) 848-6564. 

CIRCLE 474 

linear Hall-Effect Sensor 
Is User-Programmable 
Users can program the offset, temper¬ 
ature coefficient, and sensitivity of the 
MLX90215VA linear Hall-effect sen¬ 
sor. The device provides instrumenta¬ 
tion performance in a single CMOS IC. 
Applications include linear-position, 
angular-position, and current sensing. 

With the MLX90215VA, users are 
able to trim the offset in a complete 
system to an initial error of ±0.01%, 
and ±0.4% over the automotive tem¬ 
perature range of -40° to ±150°C. Be¬ 
cause most other system components 
have a temperature dependence, the 
sensor includes a programmable tem¬ 
perature coefficient. The automotive¬ 
temperature-range MLX90215VA 
costs $3.00 in 10,000-piece quantities. 
A lower-temperature version is avail¬ 
able for less money. Samples also are 
available through the company’s sales 
department. LM 

USMikroChips, 15 Sutton Rd., Box 
837; Webster, MA 01570-0837; (508) 
943-9430; www.usmikro.com; e-mail: 
usmikro@aol. com. CIRCLE 475 

Temperature Switch Combines 
Accuracy And Noise Protection 
Barksdale’s TPR Series temperature 
switches are designed for ease of instal¬ 
lation, wiring, and use. A Lexan enclo¬ 
sure provides NEMA 1 protection with 
optional NEMA 4X capability. The 
compact switch measures 3.25 by 2.5 by 

5.25 inches, and is resistant to shock, vi¬ 
bration, and EMI/RFI transient noise. 

The bulb and capillary sensor en¬ 
ables remote installation, and offers 
rapid response times and ambient tem¬ 
perature compensation. The sensor will 
withstand system pressures to 300 psi 
without a thermowell. Switching action 
is SPDT, wired normally open or closed, 
and is rated for 10 A at 125/250 V ac and 
3 A at 480 V ac. The TPR Series switch 
has UL and CSA approvals and is CE 
qualified. Contact the company for pric¬ 
ing and availability information. LM 

Barksdale Inc., 3211 Fruitland Ave., 
Los Angeles, CA 90058; (800) 835-
1060. CIRCLE 476 

Tiny Hall Sensor Measures 
Just 0.012 Inches Thick 
F.W.Bell claims its new HS-100 Hall 
sensor is the thinnest in the world. It 
measures 0.012 in./0.3 mm thick maxi¬ 
mum. Manufactured from indium ar¬ 
senide, the HS-100 offers stable opera¬ 
tion over a temperature range of -55° 
to +185°C. The sensor is packaged in a 
flip-chip configuration, and is available 
in bulk and tape-and-reel formats. Ap¬ 
plications include brushless de motors, 
contactless switches, compasses, mag-
netizers, and gaussmeters. The HS-
100 Hall sensor is priced at $0.30 per 
unit in 1000-piece quantities, lm 

Bell Technologies Inc., F.W. Bell Div., 
6120 Hanging Moss Rd., Orlando, FL 
32807; (407) 678-6900 or (800) 775-
2550; www.belltechinc.com. CIRCLE 477 
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24 HOUR TURNS! http :/ / www.sierraprotoexpress.com 

PROTO EXPRESS CIRCLE 420 

0 
THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

PCMCIA 

0 
Metal Core & Thermobonded PCB's 

VISIT OUR HOT NEW WEB SITE 

IL 
HIGHEST OVERALL CUSTOMER SERVICE RATING 

: Up to 22 Layers 

Mulfichip Modules 

1108 West Evelyn Avenue, Sunnyvale, California 94086 
Phone: (408)735 7137 • FAX: (408)7351408 • MODEM: (408)735 9842 

E-mail: protoexpress»'interneimci.com 

FTP Address: ftp:protoexpress.com 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

Step Motor Driver 

Order #CY-41C ■ 12-40 VDC 
Order # CY-42C ■ 10-30 VAC 

Bipolar Chopper • Opto-Isolated 
Interface. • 3.5 AMPS • Short Circuit & 
Thermal Shutdown • Very Efficient 
• Low Power Idle Mode • Compatible 

CyberPak Co. 800-328-3938 

Local #: 630-493-0954 

w ww.cyberpakco.com 

CYBERPAK COMPANY CIRCLE 402 

DIRECT CONNECTION ADS 

ELECTRONIC 

New Products/Services 
Presented By The Manufacturer, 

lb Advertise, 
Call Judy Stone 

At 201/393-6062 

• Prototype & Production Quantities 

• FR4/Teflon/Hybrid Materials 

• Selective & Bondable Gold 

• Blind & Buried Vias 

• Chip on Board/PCMCIA 

• Impedance Control 

• Tab & Route/Scoring 

• Netlist/Clamshell Testing 

• PCB Layout/DFM Available 

• Thru hole/SMT Assembly 

• UL Approved 

LOGIC Call (408) 432-8900 

modem: 408 432.8999 • http://www nexlogic com 

NEXLOGIC TECHNOLOGY CIRCLE 405 

trinar 
KHNOIOGIIS 

OmniVideo PCI Video Cards 

Multi-Video Window PCI 
Card 

On TV 
or PC 

Display a
nch mix of multiple live video sources & flicker 
free graphics in real time with one PCI card. 

• Resize & Position 2,6 or 16 inputs 
• NTSC/PAL Video display output 
• Framegrab multi-image display 
• Dual S-VGA overlay engines 
• VGA to TV graphics scan conversion 

VIDEOUROADCAST VIDEOCONFERENCE 
TV ON THE DESKTOP 

DeansmaoRe Co Dublin Ireland 
Td +353-1-2808945 Fax +353-1-2808956 

EMAIL sales« zandar com http/Aw’wwzandar com 

ZANDAR TECHNOLOGIES_ CIRCLE 410 

^Tanner Tool» featuring L-Edir a 

Fax:(818) 792-0300 a 

Full Chip Simulation 

• 1 Million* Device Layout Capability 

• UPI for Customizing to Specific Needs 

• Affordable for Every Designer - Under S10K 

• Low Support & Maintenance Fees 

• Windows 95/NT/3.1, Mac & Unix Support 

• Training & Design Services Available 

Tanner 
net Research. I EDA Tel: (818) 792-300C • 180 N. Viñedo Ave., Pasadena, CA 91107 • 

■ II— ■«> 

FREE DEMO Visit our Web site: www.tanntr.com/eda 

a Tanner EDA Solutions 
Design Software for IC, MCM & MEMS Applications 

TANNER RESEARCH CIRCLE 417 
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LESS 
NOISE. 
MORE 
SPACE. 

■ 

Micro/Q1000 
Decoupling Capacitors 

• Mounts under IC and shares 

existing mounting holes. 

• Low inductance means low 

impedance over a wide frequency 

range. 

• Available in 0.3", 0.4" and 0.6" 

body widths with various pinouts 

and lengths. 

• Effective in decoupling a wide 

bandwidth of frequencies with 

DRAMs, SRAMs, Video RAMs, 

EPROMs, MPUs, bus Drivers/ 

Buffers, and various logic families. 

• Improve EMI/RFI circuit performance. 

For a free sample and all the technical 

data on Micro/Q 1000 capacitors, call 

(602) 967-0624 or fax (602) 967-9385. 

Circuit Components Inc. 
2400 S. Roosevelt St., Tempe, AZ 85282 
• E-mail: gbr@cci-msc.com Internet: 
www.cci-msc.com • Micro/Q 1000 is a 
registered trademark of Circuit 
Components, Inc. 

CIRCUIT COMPONENTS INC_ CIRCLE 419 

TEST & PROBE PLCC ICs 

Our PLCC Carrier Adaptors allow easy, 
reliable in-circuit testing of PLCC devices. 
These pluggable, two-piece adaptors are 
available with ZIFor production sockets to 
accommodate your device, and offer three 
options for interfacing with your target system: 
surface mount device dip and socket plug. All 
Carrier Adaptors are available with test points. 
Sizes range from 20 to 84 pins. Our full line 
catalog contains an extensive assortment of 
VLSI interconnect solutions. 

Ironwood Electronics 
www.ironwoodelectronics.com 
612-452-8100 Fax: 612-452-8400 

IRONWOOD CIRCLE 403 

ELECIRNKDE 
^Online 
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 

SCSI 
SCSI Extenders stretch the bus up to 1000 
ft. via coax or fiber optics. 
Differential Converters mate single-

ended and differential 
SCSI units. 
SCSI RegeneratoRs 
isolate and extend the 
SCSI bus. 
SCSI Bus Switches 
add versatility to 
SCSI bus design. 

SCSI Quiet Cable solves the single 
most trouble-prone SCSI problem . 

Paralan (619) 560-7266 

Fax: 619-560-8929 

email: scsi@paralan.com 
http://www.paralan.com/ed 

PARALAN CIRCLE 406 

@ Advin 

PILOT-U84-P/us Universal Programmer 

#1 in Expandability 
* S/W expandable, free updates via BBS 

• True low voltage support • Gang expandable 
• Package type expandable: PLCC.QFP.TSOP, SOIC, 

PGA.BGA.etc. * Many other models 
* Absolutely Positively Guaranteed. 

800-627-2456, 408-243-7000 
fax: 408-736-2503. www.advin.com 

ADVIN SYSTEMS CIRCLE 401 

Data I/O quality at an astonishing price. 
NEW ChipWriter™ device programmers start at just CQ(K | 

ChipWriter. our latest-priced true 
universal programmer supports 
memory, microcontrollers PLDs. 
ardCPLDsuptoMpins. including 
low-voltage devices down to 1.8V. 
Optional built-in R0MRAM 
emulator.. $995 

ChipWriter Portable, a universal 
programmer that's truly portable: 
the PC and multi-function keypad 
are built in. Il sipports all the same 
devices as ChipWriter. including 
complex PLDs and low-voltage 
devices.$1495 

ChipWriter Gang a high-speed 
gang/set memory programmer can 
program and verily eight 1Mb devices 
in 23 seconds. It supports a wide 
range of memory devices including 
Flash and low-vollage devices down 
to3.3V...$1195 

Call 1-800-332-8246. Ext 975 for more information or to order! http://www.data-io.com 

de' ice updates from our BBS or Web site. DMA I/O 
DATA I/O CORPORATION CIRCLE 413 
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(800) 426-3925 

Think SuperTAP! 
The newest standard in high-end in-circuit 
emulators SuperTAP runs at full processor 
speed, fits in your palm, and sets up easily. 
And, It’s just half the price of a traditional 
high-end chassis-based emulator. Supports 
AMD anc Intel microprocessors. 

APPLIED MICROSYSTEMS CIRCLE 411 

ELECTRICAL CONDUCTIVE 

ADHESIVES 
Designed To Your Specifications 

MASTER BOND EP76M EPOXY 

■ High conductivity ■ Thermal shock resistant 
■ Durable, strong bonds ■ Water & chem.cal re¬ 
sistant ■ Convenient packaging ■ Long storage 
stability without refrigeration ■ Repairability 

Master Bond Inc. 
Adhesives, Sealants S Coatings 

154 Hobart Street, Hackensack, New Jersey 07601 
(201) 343-8983 

MASTERBOND CIRCLE 404 

100-1000W PFC SWITCHING 
POWER SUPPLIES 

The PFC series of power supplies is available in 
power ratings ’rom 100W up to 1000W or multik¬ 
ilowatts in rack mount shelves. Standard outputs 
include 12, 24, 48, 72 and 110VDC although 
other outputs are possible. Features include high 
efficiency, full electronic protection, compact size 
and the ability to “hot swap*. Options such as 
redundancy, custom outputs, extreme tempera¬ 
ture ranges are available. 

ABSOPULSE ELECTRONICS LTD 
110 Walgrwn Road 

Ottawa, Carp ON K0A 1L0 CANADA 
Tel:(613) 836-3511 Fax: (613) 836-7488 

ABSOPULSE CIRCLE 400 

CEDKO « CEDKO • CEDKO 1 • CEDKO 
PRINTED CIRCUIT 

BOARDS 
OUR PRIDE IS QUALITY AND SPEED 

CEDKO Electronics« Inc« 
FR-4 & POLYIMIDE 
MULTILAYERS 

TURNOVER 3002 South Oak Street. Santa Ana. California 92707 
(714) 540-8454 FAX (71 4) 540-1299 

E-mail: Cedko@aol.com. WEBSITE: Cedko.com 
See our Website 

CAPABILITIES 
The pnces listed on the left are based on 

5-day turnover 

• For a 2 day turn add 50. to fixed pnce 

• Buried or blind vias 
• Impedance control boards 
• Potyim de multilayers 

• For a 3-day turn add 25% to fixed pnce 

3 
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ec
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in2 SS DS 4L 6L 8L 10L • Carbon paste 
• SMT & S.M.O.B.C. 
• Up to 20 layers 

DISCOUNTS 
1 to 32 $250 $275 $400 $480 $600 $750 
33 to 72 $275 $300 $420 $510 $680 $870 

EXTRAS Any production orders inc.uded reduce pnce 
73 to 106 $300 $320 $440 $540 $750 $990 

of prototypes 

• Order 100 boards and mw 25% 

• Order 200 boards ano save 50% 
• These discounts apply only to production 

boards of over $20 in value 

109 to 144 $320 $340 $460 $570 $940 $1190 
145 to 176 $340 $360 $480 $600 $1000 $1300 

• motopioning 
• Testing 
• 25% telow ®/8/mil /15 mil hole 
• Thickness variation 
• S M O.B.C and LPI ($50 extra) 
• Gold plating on contact fingers 

($50 extra) 

177 to 208 $365 $380 $500 $630 $1090 $1480 
209 to 240 $380 $400 $520 $660 $1250 $1660 
241 to 288 $400 $420 $540 $690 $1350 $1800 
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(714)540-9411 

Contact: 
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1 to 32 $275 $300 $460 $550 $780 $970 1 to 32 $320 $340 $540 $640 $920 $1200 
33 to 72 $290 $320 $520 $620 $850 $1200 33tc72 $340 $380 $620 $730 $1200 $1650 
73 to 108 $325 $340 $580 $690 $960 $1450 73 tc 108 $360 $420 $700 $820 $1450 $2200 
109 to 144 $345 $360 $640 $760 $1090 $1700 109 to 144 $390 $460 $780 $910 $1700$2650 
145 to 176 $370 $380 $700 $880 $1200 $1950 145 ta 176 $420 $500 $860 $1100 $2000 $3100 
177 to 208 $395 $400 $760 $1090 $1350 $2300 177 tc 208 $450 $540 $940 $1290 $2400 $3700 
209 to 240 $425$420 $820 $1370 $1500 $2700 209 to 240 $490 $580 $1020 $1470 $2800 $4350 
241 to 288 $450 $440 $900 $1504 $1650 $3100 241 to 288 $530 $620 $1100 $1650 $3100 $5200 

CEDKO ELECTRONICS All Major Credit Cards Accepted CIRCLE 412 

REPEAT IT! REPEAT IT! 

REPEAT IT! 
You’ve developed a strong image for 
your market and you’d like to advertise 
your message in the industry’s strongest 
publication. The recent Adams Study 
found that Electronic Design has the 
largest average issue audience among 
the industry’s twenty leading publica-
tions-and Electronic Design was found to 
be the leading publication for technical 
information among design engineers. 
Now's the time to project your image and 
reach the strongest specifying/buyer 
audience in the industry-165,000 strong. 
That’s 165,000 opportunities for qualified 
leads. If you repeat your ad every issue 
(62 times), you can have 4,290,000 
opportunities all qualified. 

For more information, call 
Judy Stone advertising 

representative at 201-393-6062 
Fax: 201-393-0204 

ELECTRONIC DESIGN 

1998 CALENDAR 

Issue Date 
January 12 
January 26 
Febuary 9 
Febuary 23 
March 9 
March 23 
April 6 
April 20 
May 1 
May 13 
May 25 
June 8 
June 22 
July 6 
July 20 
August 3 
August 17 
September 1 
September 14 
October 1 
October 12 
October 22 
November 2 
November 16 
December 1 
December 14 

Closing 
12/2/97 
12/16/97 
12/30/97 
1/3/98 
1/27/98 
2/10/98 
2/24/98 
3/10/98 
3/21/98 
4/2/98 
4/14/98 
4/28/98 
5/12/98 
5/26/98 
6/9/98 
6/23/98 
7/7/98 
7/22/98 
8/4/98 
8/21/98 
9/1/98 
9/11/98 
9/22/98 
10/6/98 
10/21/98 
11/3/98 



DIRECT CONNECTION ADS 

Scored Panels 

Blind & Buried Vias 

UL approved 

Best turnaround time. 

(847) 806-0003 / Fax: (847) 806-0004 / Modem: (847) 806-0008 
www.imagineering-pcb.com / E-Mail: info@imagineering-pcb.com 

You modem Gerber Files to us 
before 9am, We Ship the Boards 
S4ME EVENING. Multi-Layer 

other services 
• Single/Double/Multi-Layer 

• Prototype and production 

• SMOBC and LPI 

• Gold/nickel plating 

...Remember, when TIME & QUALITY 
counts, you can count on 

imagineering ¡nt. 
...Always a step ahead 

IMAGINEERING CIRCLE 415 

ROLYN FREE! 
130 
Page 

Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of “Off-the-
Shelf” optical components. Lenses, prisms, mir¬ 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro¬ 
totype or production quantities. Write or call for 
our free 1 30 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina, CA 91722, 
(626) 915-5707 & (626) 915-5717. 
FAX: (626) 915-1379. 

ROLYN OPTICS CIRCLE 408 

FREQUENCY SYNTHESIZERS FEATURE 
FAST SWITCHING, LOW NOISE 

PTS synthesizers are broadband Instruments 
featuring low phase noise, low spurious outputs 
and provide fast switching across frequencies. 
With easy, fast remote programming they are vital 
in advanced measurement or production systems 
and can also serve as stand-alone test equip¬ 
ment. 

Programmed Test Sources, Inc. 
Phone: 978 486-3008 Fax: 978 486-4495 
Internet: http://www.programmedtest.com 
E-mail: sales@programmedtest.com 

PROGRAMMED TEST SOURCES CIRCLE 421 

Embedded 

Single Board Computers 
Serial, Parallel, Analog I/O, Opto I/O, Reed 
Relay, Motion Control, RS-232/422/485 

Networks, FLASH Memory, LCD Displays, 
-40 to +85C , Software Drivers 

F TOLL FREE 1-888-RLC-TECH 
(805) 466-9717, FAX (805) 466-9736 

http://www.RLC.com 

R.L.C. Enterprises, Inc. 
RLC ENTERPRISES CIRCLE 407 

ADVERTISE 
WITH US! 

Advertise in 
ELECTRONIC DESIGN 

and see how 
quickly you’ll 
be turned on! 

FREE upgrades & technical support 

!ll]iïi|î|l'r IIWIIIIIN 

uATAmAn 
lek 800 328-2336 
Fax: [904] 774-7790 
www ddlaman com 

For more detailed information on these 

and other market leading programming 

products, call now and request your 

free copy of our color catalog. 

Daraman-48LV [ Analysis ] 
PinSmart® technology means true no adapter programming up to 

48 pin DIL devices. Connects to your PCs or laptop's parallel port. 

Library contains over 1500 of the most popular programmable 

devices. We even include a 44 pin universal PLCC adapter. 

Dataman S4 [ Analysis ] 
Capable of programming 8 and 16 bit EPROMs, EEPROMs, PEROMs, 

5 & 12V FLASH, Boot Block FLASH, PICs, 8751s and more. Emulates 

ROM & RAM as standard. Complete with all emulation leads, 

organizer style manual, AC charger, spare library ROM, both DOS 

and Windows PC software, and arrives fully charged and ready to go! 

[mm ill) IIIH^r : 
OR 

ILLUSION? I IlW HHHNOH 

CIRCLE 414 DATAMAN 

RELIABILITY PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK-
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum¬ 
ing, and error prone manual methods! 

■ NEW UPDATE! VERSION 3.1 now available. 
* User friendly: pop-up menus, hypertext help. 
■ Very easy to learn and use; quick data entry. 
• Part library for rapid recall of part data. 
■ Global editing functions for what-if? trials. 
■ Reports which clearly organize results. 
■ Save time & money as you design for quality. 
■ Try our Demo Package today for $25. 

T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 

T-CUBED SYSTEMS CIRCLE 409 



DIRECT CONNECTION ADS 

7 Ideas 
^For 
EtOesign 

Got A Cool 
Circuit Moa? 
Flex Your Creativity in 
Electronic Deoign. 

You get Electron ic Design. What do 
you turn to first? Ideas For Design 
(IFD)? Studies show that Ideas For 
Design is one of the most highly-
read sections in the most widely-
read electronics publication. And 
because of its popularity, we have 
decided to expand the section. 

THAT MEANS MORE 
IDEAS FOR DESIGN 

EVERY ISSUE! 

We need your ideas, and you have 
them, so here’s a chance to tell the 
world (literally) about your great 
circuit design. 
Not only is it possible to get your 
name and idea in print for our 
165,000-plus readers, but if it gets 
published you’ll be in line to receive 
an honorarium of $100. On top of 
that, your idea has a chance to be 
voted by your peers as “Best of Is¬ 
sue,” which receives an honorarium 
of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single¬ 

spaced typewritten text; 
• Include schematics, charts, 

tables, code listings, etc.; 
• Include name, company affiliation, 

address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 
or Fax: 201/393-6242 

E-mail: 
xl_research@compuserve.com 

or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS*PRODUCTS*SOLUTIONS 

FOR DETAIL* 

CALL 

• Instant Quotes 
• UL Approved 

• SMOBC & LPI 
• Gold/Nickel Plating 

Modem your gerber files before 
9 am EST andreceive your PC a 
boards the Next Morning. 
ALSO AVAILABLE: 
• Surface Mount & Thru • Scored Panels A 

Hole Assembly • Single to Multilayers v 
• Prototype & Production • Electrical Testing 

Ki ELECTRONICS, INC. 

' Tel: (847) 290-9900 

' Fox: (847) 290-9901 

f Modem: (847) 290-9915 
E-MaiJ: infodontime-inc.com Includes tooling, photoplolting, mask end legend (up to 30 sq. ii.) 

STANDARD OFFER: 5 Pieces 5 Days 2 Layers 1299 
5 Pieces 5 Days 4 Layers 799 

ONTIME ELECTRONICS CIRCLE 416 



Selections from Penton Product Mart Electronic Design 
Low-Power Design 
Center Suisse d'Electronique et de Microtechnique SA & Electronic Design 

This collection of papers focusing on the minimization of power consumption 
features general tutorials, digital circuits, devices and analog circuits of low-
power systems. 

Softciver book, $125.00, Item B4023PM 

Portable By Design 1997, 

Proceedings of the Fourth Annual Conference 
Electronic Design 

An overview of the conference topics including MCUs & CPUs for portable 
devices; battery technologies; IR-based wireless communications; thermal & 
mechanical considerations; and more. Ideal for design engineers of portable, 
nomadic, mobile and transportable products. 

Softcover book, $175.00, Item P2365PM 

Clearance Items... 
While Supplies Last! 
10% Off Original 
Prices 

Standard Handbook for 
Electrical Engineers, 13th 
Edition 
Hardcover book, WAS $110.50 -
NOW $99.45, Item B2000PM 

Web Page Design: A Different 
Multimedia 
200 pp, softcover book, WAS 
$24.95 - NOW $22.45, Item 
B2421PM 

Electronic Design on CD-ROM 
Electronic Design 

Includes all the articles, illustrations and line drawings that appeared on the 
pages of ED between 1990 and 1994. Complete with search engine and 
hypertext links. 

CD-ROM , $95.00, Item C1612PM 

The editors of ELECTRONIC DESIGN 
are actively seeking and reviewing book 
manuscripts for article series and/or a potential 
book publishing project. Au thors of electronic 
original equipment/products/systems books are 
invited to submit a chapter outline along with a 
brief description of their work for pu blishing 
consideration. 
Please include a brief description of primary target 
market and sales potential. Send to: Product 
Manager, Penton Institute, 1100 Superior Ave., 
Cleveland, OH 44114. 

C++ for Professional 
Programmers with PC & UNIX 
Applications 
556 pp, softcover book, WAS 
$42.95 - NOW $38.65, Item 
B2456PM 

Patterns of Software Systems 
Failure and Success 
292 pp, softcover book, WAS 
$44.95 - NOW $40.45, Item 
B2461PM 

Object-Oriented Modeling and 
Design 
528 pp, softcover book, WAS 
$60.00 - NOW $54.00, Item 
B2557PM 

The Year 2000 Software Crisis: 
Challenge of the Century 
522 pp, softcover book, WAS 
$39.95 - NOW $35.95, Item 

B2720PM 

Please Add $5.00 shipping for first book 
and $1.00 for each additional book. 

S 
s. 
« 

Subtotal 
Add State Sales Tax 
Shipping & Handling 
TOTAL 

Item It: 
_/_L 

_!_!_ 

Check/MoneyOrder (U.S. Currency 
made payable to The Pen ton Institute) 

Foreign orders — 
Please call for rates 

Sales Tax: 

CA ....8% IL.6.25% 
CT ....6% MA ....5% 
FL.6% MN ....6.5% 
GA ....6% NJ.6% WI.5.5% CANADA....7% 

Name: _ Title:_E mail:_ 

Company:___Telephone: (_)_Fax: (-)-

Company Address (no P.O. Boxes):_City:_State:_Zip: -

Account No.:___Expiration Date:_Bill Me_P.O. #: _ 

Signature (required):_Circle type of Charge: MC VISA AMEX DISC 

PHONE 1-800-223-9150 • FAX 216-696-4369* http://www.penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 



WHAT DO THESE WORDS 
MEAN TO YOD? 

TECHNOLOGY • APPLICATIONS 
PRODUCTS • SOLUTIONS 

After much thought and discussion, our editors 
have developed a new tag line that is about 
as direct and to the point as one can possibly 

get. It describes who we are and what we do. These 
four words tell our readers and advertisers what 
Electronic Design is all about: 

TECHNOLOGY'APPLICATIONS-PRODUCTS'SOLUTIONS 

This new tag line reflects how Electronic Design 
reports on both emerging and new technology gar¬ 
nered from the movers and the shakers of this glo¬ 
bal industry. We report on and analyze how new 
technology will work in various applications. We 
then report on and analyze new product introduc¬ 
tions. Finally, we offer you, our readers, solution 
articles and design ideas that help you and your peer 
engineers to build better products in this very com¬ 
petitive arena. These four words also represent the 
stages in which you, the design engineer, work. 

It’s remarkable how these four simple words re¬ 
flect our dynamic mission to the industry. 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 



ELECTRONIC DESIGN ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

Get Immediate Online Access 
To Worldwide Technology 

Electronic Design Online has been created for you, the design 
engineer, as the world's most comprehensive technical 

information resource and solution center. It offers a compendium 
of topics—from the contents of current Electronic Design issues 
including all the articles, schematics, and QuickLook features 
to ED University, Pease Porridge, Career/Job Bank, and more. 
Link up to our web site today for online forums, direct links to 
industry organizations and advertisers, trade show previews, 

industry surveys, technology archives, and humor. In addition, 
you can now utilize ED JetLINK, the industry's fastest "drill down" 
tool to find application- and market-specific product solutions 
and vendors with a minimum number of clicks in one site visit. 

Technology Departments: 
Career/Job Bank 

New Products 

ED University 
Trade Shows 
Custom Searches 
Surfer Sam 
Book Reviews 
Comedy Club 

QuickLook 
News 
Ideas for Design 
Archives 

About ED 
Advertising 
Information 
Marketer's Resource 
Subscribe 
Site map 

Analog Design 
Communications/Networking 
Component/Packaging (PIPS) 
Computer Boards & Buses 
Digital Design 
Electronic Design Automation (EDA) 
Embedded Systems & Software 
Test & Measurement 

EMnÍSÑI 
L 

ELECTRONIC DESIGN ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

www.elecdesign.com 



Nestled in the foothills of the Santa CataUha N ins. the view from our Tucson 

Locally, a move of power 
will result in the addition of 
career a boost with one of the 

CD 

and generation system products toTucson 
new jobs over the next year. Give your 

ing opportunities. 

We’re Soaring 
And So Can 
Your Career 
campus Ls breathtaking. Nationally', the 
bright, as our commercial, space and i 

career growth is looking 
ial businesses continue to grow. 

Tucson, AZ Opportunities 

Senior Staff Engineer (REF#ED0309a) 
(Electrical System Analysis) 
Support aerospace AC and DC electric power system design, new generator 
design efforts and redesign of existing designs for optimization. BSEE with at least 
10 years experience in aerospace electric power system design. Knowledge of 
light weight, high speed, high power, electrical rotating machines, including AC 
and DC generators, motors, switch reluctance machines, permanent magnet 
madtines and starters for aerospace applications. Skilled in worst cast analysis, 
transfer function definition and stability criteria analysis in addition to analog and 
electrical system circuit analytical tools (PSPICE, SABER, etc.). 

Software Engineer (ref #ED0309b) 
Be a key contributor to software engineering process improvement initiatives. BS 
and at least three years experience with reakime embedded software 
development required. Familiarity with aerospace industry standards and process 
improvement experience highly’ desired. 

Circuit Board Layout (ref#edo3O9c) 
Design high density PWB’s used in a variety of avionics/electronic control 
systems. BSEE (or related technical field) and a minimum of five years 
development design engineering experience required. In lieu of formal 
education, 1J years directly related experience will be considered. Mentor 
Graphics expertise and knowledge of Pro/E essential. 

Torrance, CA Opportunities 
The following positions provide the opportunity to transition to Tucson: 

Circuit Design Engineer (ref#edo3O9<i) 
Requires knowledge of digital circuit designs for high performance electric 
actuation and drives. Capability in DSP software and PPGS design preferred. BSEE 
or MSEE required. 

System Controls Engineers (ref#edo3O9g) 
Develop integrated modular avionics architecture design/specifications fiar analog 
I/O intensive embedded controllers. Requires proficiency in modem avionics 
architectures, analog and digital I/O interftces and computer software/hardware 
development/qualification processes and standards. BSME/EE required. 

Design Engineers (ref#edo3O9í) 
Design various products, including creating layouts, detail design and assemblies. 
Must have the ability to deal with numerous engineering functions in a cross¬ 
functional team environment Requires BSME and a minimum of five years 
experience in mechanical design. Pro/E and CADAM highly’ desired. 

Power Electronics Engineers (ref #ED0309g) 
Knowledge of high power and high speed motor-driven and actuation control 
designs. Power ratings to 250 kw 270VDC, 3pltase distribution at variable 
frequency. BSEE or MSEE required. 

To be considered, you must insert REF #_on all correspondence. Please 
e-mail your resume to: MantStrandlund®alliedsignaLcom Otherwise, mail 
your resume tolAlliedSignal Staffing, HR Dept, 11100 N. Oracle Rd.,Tucson,AZ 
85737-9588, or fax to: 520-469-5977. 

To learn more about AlliedSignal and our employment opportunities, vist our 
website at: alliedsignalcom 

As an equal opportunity employer, we are committed to a diverse workforce. 

^IliedSignal 

ELECTRONIC DESIGN 
ENGINEERING CAREERS 
RATES: $190 PER 
COLUMN INCH, 

COMMISSIONABLE TO 
AGENCIES 

MATERIALS 
Ad material to: 
Penton Publishing 
Classifieds Dept. 
Attn.: Jon Eggleton 
1100 Superior Ave. 
Cleveland. OH 44114 

SALES STAFF 
Recruitment Sales Rep.: 
Jon Eggleton 
(800) 659-1710, 
(216) 931-9832 
FAX: (216) 696-8206 

CAREER OPPORTUNITIES 

BIOMEDICAL 
|SÙ— ENGINEER 

Allegheny University of the Health Sciences, a 
member of the Allegheny Health, Education and 

Research foundation is currently recruiting a 

Biomedical Engineer to work full-time in the Cardio¬ 

vascular Research Institute, providing state-of-the-art 

software development and analog engineering support 

services for the ongoing research and instrumentation 

program. Required: Qualified candidates must have a 
BS degree in Biomedical or Computer/Electrical 

Engineering. For immediate consideration, submit your 

resume to 

ALLEGHENY UNIVERSITY HOSPITALS 
ALLEGHENY GENERAL HOSPI I AL 

Human Resources (5) 
320 East North Avenue 
Pittsburgh, PA 15212 

Equal Opportunity Employer 
Smoke-free and drug-free workplace 

CAREER OPPORTUNITIES 
NATIONWIDE 

Engineers & Tech's - Perm. Only 

Cellular & Wireless Systems, RF, PCS, Mi¬ 
crowave, Antenna. Network, Software, 
Sales, Dig. & Analog, Many more. Resume 
to: Peter Ansara, c/o ABF. PO 239, W. 
Spfld., MA 01090. Tel (413) 733-0791 
Fax (413) 731-1486 or pa@ansara.com 
See our web site: http://www.ansara.com 

ELÍCTBOHIIC DESIGN 
Visit us on the INTERNET: 

http:7www.penton.com/corp/classifieds 
or E-mail us at: 

careerlink@penton.com E
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ELECTRONIC DESIGN 
Chairman and CEO: Thomas L. Kemp 
Présidant and COO: Daniel J. Ramella 

Group President: James D. Atherton 

Vice President Ancillary Product & Sales: Drew DeSarle 

Publisher. John French 
Hasbrouck Heights, NJ; (201) 393-6060 

National Sales Manager: Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 

Director Of Marketing: Walker Johnson 
San Jose, CA (408) 441-0550, FAX (408) 441-6052 

Production Manager Eileen Slavinsky 
Hasbrouck Heights, NJ; (201) 393-6093 

Marketing Research Administrator: Deborah Eng. 
Hasbrouck Heights. NJ; (201) 393-6063 

Advertising Sales Staff 

Hasbrouck Heights: Judith L. Miller 

Sales Asst.: Judy Stone Rodriguez 

611 Route #46 West, Hasbrouck Heights, NJ 07604, 

»hone: (201) 393-6060, Fax (201) 393-0204 

Boston & Eastern Canada: Ric Wasley 

Sales Support: Karen Harrison 

60 Hickory Drive, Waltham, MA 02154; 

Phone: (617) 8900891 FAX: (617) 8906131 

North Califonia/Colorado: Mark Alden (408) 441-0550 

Chicago/Midwest: Lisa Zurick 

Sales Assistant: Dawn Heili 

180 N. Stetson Ave., Suite 2555 Chicago, IL 60601; 

(312) 861-0880 FAX: (312) 861-0874 

North California/Utah/N.Mexico/Arizona: 

James Theriault (408) 441 -0550 

Los Angeles/Orange County/San Diego: Ian Hill 

Sales Asst: Patti Kelly 16255 Ventura Blvd., 

Suite 200 Encino, CA 91436; 

(818) 9909000 FAX: (818) 905-1206 

San Jose: 

Jeff Hoopes, Mark Alden, James Theriault 

Sates Support: Liz Torres & Rachel Ross 2025 Gateway PI , 

Suite 354 San Jose, CA 951 10, 

(408) 441-0550 FAX: (408) 4416052 or (408) 441-7336 

Pacific N.W. & Western Canada: 

Jeff Hoopes (408) 441-0550 

Texas/Southeast: Bill Yarborough 

908 Town & Country Blvd. Suite 120. Houston, TX 77024, 

Phene 713-984-7625 FAX: 713-984-7576 

Telemarketing Manager: Kimberly A. Stanger 

Direct Connection Ads & Direct Action Cards (201) 3936080 

Direct Connection Ads & Direct Action Cards: 

Judy Stone (201) 3936062 

General Manager, European Operations: John Allen 
36 The Green, South Bar Banbury Oxford OX 16 9AE, U.K. 

Phone 44 (0)1- 295-271003 FAX 44 (0|-l- 295-272801 

Netherlands, Belgium: Peter Sanders, 

S.I.P.A S Rechtestraat 58 1483 Be De Ryp, 

Holland Phone: 011-31-299671303 Fax: 011-31-299 671500 

France: Fabio Lancellotti 

Defense & Communication 

10 Rue St Jean 75017 Paris France 

Phone: 33-142940244 FAX: 33-143872729 

Spain/Portugal: Miguel Esteban 

Publicidad Internacional Pza. 

Descubridor Diego de Ordas, 

1 Escalera, 2 Planta 2D 28003 Madrid, Spain 

Phone 91/4416266 FAX: 91/4416549 

Scandinavia: Paul Barrett 

I.M.P. Hartswood, Hallmark House 

25 Dawnham Road, Ramsden Heath, 

Billiricay, Essex, CM 11 1PV, UK 

Phone:44(0)-1 -268-711560, Fax:44(0)-1-268-711567 

Germany, Austria, Switzerland: Friedrich Anacker 

InterMedia Partners GmbH Deutscher Ring 40 

42327 Wuppertal, Germany 

Phone: 49 (0) 202 271 690 Fax: 49(0) 202 271 6920 

Hong Kong: Kenson Tse 

IDG International Marketing Services 

Suite 25F, One Capital Place, 18 Luord Road.Wanchai, Hong Kong 

Tel: 852-2527-9338. Fax: 852-2529-9956 

168 

Israebgal Elan, Elan Marketing Group 

22 Daphna St., Tel Aviv, Israrl 

Phone 972-36952967 FAX. 972-3-268020 

Toll Free in Israel only: 177-022-1331 

Japan: Hirokazu Morita, 

Japan Advertising Communications 

Three Star Building 3-10-3-Kanda Jimbocho 

ChiyodoKu, Tokyo 101, Japan 

Phone: 3 3261 4591. FAX:3 3261 6126 

Korea: Young Sang Jo, 

Business Communications Inc. 

K.P.O. Box 1916, Midopa Building 146 

Dangiu-Dong, Chongo-Ku, Seoul, Korea 

Phone: 011-82-2-739-7840 FAX 011-82-2-732-3662 

Taiwan: Charles Liu, President, 

Two-way Communications, Co., Ltd. 

12F/1, No.99, Sec.2 

Tun-Hwa South Road, Taipei, Taiwan. 

Phone: 011-886-2-707-5828;FAX: 011-886-2-707-5825 

United Kingdom: John Maycock 

John Maycock Associates 

Provincial House 

Solly St Sheffield S1 4BA 

INDEX OF ADVERTISERS 
Advertiser RS # Page Advertiser RS It Page 

A/D Electronics 209 112 

Aovid Thermal Technology 108 104 

Absopulse Electronics Ltd. 400 161 

Accel Technologies 109 66 

Advanced Micro Devices 64D-E' 

Advin Systems 401 160 

Aldeclnc. 110 39 

Allegro Microsystems Inc. 111 64G* 

Altera Corporation 2-3 

American Airlines 112 95 

American Microsystems Inc. 118 83 

Amp Inc. 206 33 

Amplifier Research 227 144 

Ansoft Corporation 228 46 

Apex Microtechnology Corp. 1)9 1 

Applied Microsystems Corp. 411 161 

Aries Electronics Inc. 122 107 

Atmel Corporation 113 

Audio Precision 123 125 

Bud Industries Inc. 124 64' 

Burr-Brown Corp. 80 41 

Burr-Brown Corp. 90 43 

Burr-Brown Corp. 97 45 

Burr-Brown Corp. 104 47 

C&K Components Inc. 125 96 

California Eastern Laboratories 126 12-13 

Cedko Electronics 412 161 

Cll Technologies 250 20 21 

Circuit Components Inc. 419 160 

Coilcraft 207 64K' 

Compaq Computer 128 68-69 

Condor DC Power Supplies Inc. 129 86 

CP Clare Corporation 130 119 

Cybernetic Micro Systems 231 18 

Cyberpak Company 402 159 

Cypress Semicondudor Cv4 

Data I/O Corporation 413 160 

Dataman Programmers Inc. 414 162 

DCIInc. 131 110 

Deltron Inc. - 48A/D 

Digi-Key 132 11* 

ESwitch 232 102 

Ediptek Corporation 133 38 

Exar Corporation 134 90 

Exemplar Logic Inc. 117 88 

Fairchild Semicondudor 136 9 

Fairchild Semiconductor 135 81 

Fluke Corporation 137 51 

Fodron/Source Corp. 103 130 

Fox Eledronics 105 109 

Future Eledronics Inc. 138 71 

Golil Motion Control Inc. 139 8 

Gilway Technical Lamp 141 91 

Grayhill Inc. 143 108 

Harris Semicondudor 144 75 

Harris Semiconductor 145 127 

Hewlett Packard 146 11** 

Hewlett Packard Components 107 117 

ILC Dato Device Corp. 199-200 111 

Illinois Capacitor Inc. 147 64F' 

Imogineering Incorporated 415 162 

Industrial Eledronic Engineers 148 94 

Intel 16-17 

Infernotionol Power Devices 149 101 

Intusoft 150-151 80 

Ironwood 403 160 

Jensen Tools Inc. 249 152 

Kemet Eledronics Corp. 208 98 

Kepco Inc. 152 56 

KeyTek 153 121* 

Keystone Eledronics 201 89 

Keystone Eledronics 201 110 

Lambda Electronics Corp. 177 64P,65' 

Lecroy Corporation 233 147 

Linear Technology Corporation 128A/B 

Linear Technology Corporation 234 133 

Linear Technology Corporation 235 135 

Linfinity Microeledronics 113 26 

LPKF CAD-CAM Sys. Inc. 155 32 

Madison Cable Corporation 156 37 

Mosier Bond 404 161 

Maxim Integrated Products 96A/P 

Maxim Integrated Products 157-158 139 

Maxim Integrated Products 159-160 141 

Maxim Integrated Products 161-162 143 

Maxim Integrated Products 167-168 145 

Maxim Integrated Products 165-166 149 

Maxim Integrated Produds 169-170 151 

Micrel Semicondudor 236 34 

Micron Semicondudor 247 24 

Model Technology Inc. 172 131 

Murata Eledronics 251 53 

Murrietta Circuit Design 173 64H* 

National Instruments 174 23 

National Semicondudor 31 

Nexlogic Technology 405 159 

NEC Corporation 176 54-55 

NEC Corporation 178 84-85 

NEC Corporation 179 76-77 

NEC Corporation 180 114-115; 

OKI Semicondudor 246 62-63* 

Omron Eledronics Inc. 181 15* 

Ontime Eledronics Inc. 416 163 

Oread Systems 182 Cv2 

Paralan 406 160 

Pentek Inc. 183 Cv3 

Pep Modular Computers, Inc. 203 19* 

Pico Eledronics Inc. 184 79 

Pico Eledronics Inc. 184 122 

Potter & Brumfield/Siemens Co. 202 641' 

Power Dsine Inc. 237 22 

Power Trends Inc. 204 64C 

Programmed Test Sources 421 162 

Proto Express 420 159 

Purdy Electronics Corp. 186 87 

RLC Enterprises 407 162 

Rolyn Optics 408 162 

Sanyo Denki 187 92 

Samsung Eledronics 188 62-63" 

SGS-Thomson 142 64L-M' 

Signafec 418 163 

Spedrum Software 190 106 

Standard Microsystems 252 137 

Stanford Research Systems 191 103 

T-Cubed Systems 409 162 

Tanner EDA 417 159 

Team MIPS 28 29 

Tech On Line 243 87 

Tech On Une 244 89 

Tech On Une 245 91 

Teknor Industrial Computers 193 10 

Telcom Semicondudor 194 93 

Texas Instruments 72-73 

Texas Instruments 189 640' 

Todd Products 195 4 

Unitrode Integrated Circuits 205 14 

Vicor Corp. 196 59 

Vishoy Intertechnology Inc. 197 105 

Wovecrest 241 64J' 

Wind River Systems Inc. 123 

Xilinx 164 25 

Zandar Technologies 410 159 

Domestic* 
International ** 
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‘ Now you can team 
SHARC“ processing 

power with over 50 high-
performance peripherals! 

Pentek's 4288 Multi-SHARC I/O 
Processor has interfaces to SHARC link 

ports, SHARC serial ports, TMS320C40 comm¬ 
unication ports, the MIX mezzanine bus and a 

VME64 master/slave interface. What's more, the 
4288's PowerQUICC controller manages VME and system 

tasks, and offers both ethernet and RS-232 connections. 

Pentek, Inc., One Park Way, Upper Saddle River, NJ 07458 • 201-818-5900 • Fax: 201-818-5904 • e-mail: info@pentek.com • Web: www.pentek.com 
Worldwide Distribution and Support 

Choose from Pentek's legendary array of 
world-class I/O products including: 

• A/D and D/A Converters 
• Digital Receivers 

T1/CEPT Transceivers 
• SCSI Adapters 
• Serial and Parallel Interfaces 

In addition to incredible I/O solutions, the 
4288's SHARCPAC mezzanine delivers 
scalable processing power ranging from 
a single SHARC for simpler systems, up 
to as many as seven SHARCs for 
840 MFIops of peak DSP horsepower! 

Pentek's Model 4288 is backed by the 
best The best software—SwiftNet 
communication drivers, emulators, 
compilers, libraries and real-time 
operating systems—and the 
best applications support, with 

personal telephone assistance and 
exclusive customer access to Pentek's 

I . F 

online Internet Knowledgebase. 

For your Pentek Model 4288 information kit, call today: 

201-818-5900 Ext. 829 

PROCESS A 
TIDAL WAVE 
Of Data 



We'd like to thankOur 
COMPETITORS 

FOR GETTING THE 

HELL 
OUT OF THE 

WAY. 
Introducing the world's one and only 1-megabit Deep Sync " FIFO. How dense can you get? Well, if you choose 

our competitors' synchronous FIFOs, you can't get very dense at all. If you choose Deep Sync FIFOs from Cypress, 

you get a full 1-Mbit density. You get 100-MHz speed with near-zero latency. You get a true dual-ported cell that allows 

asynchronous gating of the read and write clocks without requiring 

an FS pin. And you get industry standard architecture and pinouts-

so our Deep Sync FIFOs drop right into your existing designs. 

Deep Sync FIFOs. Only from Cypress. When you're ready to get dense, 

don't bother talking to our competitors. Talk to Cypress. 

Cypress (and only Cypress) Deep Sync FIFOs , 

Size Part No. Speed lcc(max.) Leads/Package Availability 

128K X 9 CY7C4291 10ns 40mA 32/PLCC Now 

128Kx9 CY7C4292 10ns 40mA 64/TQFP Now 

64Kx18 CY7C4285 10ns 50mA 64/TQFP Now 

64Kx9 CY7C4281 10ns 40mA 32/PLCC Now 

64Kx9 CY7C4282 10ns 40mA 64/TQFP Now 

32Kx18 CY7C4275 10ns 50mA 64/TQFP Now 

For a free literature pack call 800 858 1810 or fax 408 943 6848 and ask for Kit #D032 or see us at www.cypress.com/fifo. 

CYPRESS 
BY ENGINEERS. FOR ENGINEERS. 

Cypress, the Cypress logo, and Deep Sync are trademarks of Cypress Semiconductor Corporation. © 1997 Cypress Semiconductor Corporation All rights reserved 




